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GENERAL GENTEEL PRECEPTOR. 


PART. 


BEING AN 
INTRODUCTION 


TO THE STUDY OF 


Z Ro 


. 


AN INTRODUCTORY DISCOURSE ON THE GENERAT 
PRINCIPLES OF YEGE TATION. 


Tux lower we deſcend in the ſcale of life, the greater is our 
embarraſſment, ariſing from numbers and varieties of ſpecies. 
If we find it neceſſary to content ourſelves with general ideas, 
and with a ſelection only of fiſh and of inſects, difficulties ſtill 
greater; prevent our intimate knowledge of vegetables, whoſe 
innumerable kinds, though long the ſtudy of naturaliſts, are 
daily proving that many remain unknown and unnoticed. Nor 
is this ſurpriſing, when we recollect the different ſituations, 
ſoils, and expoſures, which they prefer; the different levels at 
which they grow, on plaius or on mountains, in dales or on 
alps: egery ſpot producing ſome peculiar to itſelf. Being 
adapted to extremes of heat and cold, of humydity and dryneſs, to 
every climate, to every region, they are infinitely various: and 
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however human induſtry may have explored, with aſſiduous tal, 
not only inhabited countries but inhoſpitable wilds, yet, after 


all endeayours, many kinds will elude reſearch, though perhaps 


native at no great diſtance, or perhaps their ſeaſon lately paſt, 
or ſoon to come. | 

Declining, therefore, to enter deeply into a ſubject which has 
furniſhed many a bulky and expenſive folio, and whoſe nomen- 
clature alone, when ſkilfully arranged and abridged, forms ſolid 
yolumes, we ſhall offer thoſe leading principles, which being of 
general uſe, may be brought to the teſt of daily experience : 
for aſſuredly that learning ſ-ems molt advantageous, whoſe uſe- 
fulneſ- and application is perpetually recurring; that which is 
molt ſimple, which is ever at hand, and ever delightful, is well 
worthy our attention, and molt ſtrongly claims our acquaintance z 
without depreciating what may poſſeſs occaſional uſefulneſs 
or pleaſure, what may delight or profit on emergency. 

If pleaſure be requeſted by mankind,—the pureſt pleaſure is 
furniſhed by the tribes of vegetables, and human talents feem 
p=culiarly adapted to their culture and enjoyment: If profit be 
requeited,—theſe ſuſtain lite, by furniſhing food in various forms 
and of various qualities; they reſtore health, and counterat 
diſeaſe, they regale the ſenſes by their beauty and colours, by their 
odour and fragrance, by their reliſh and poignancy: they raiſe 
the mind to cheerfulneſs, by delightful combination in the elegant 
parterre; they difpoſe it to ſolemnity, by the deep umbrage of 
the majeſtic grove. When the bending corn waves in golden 
ridges, courting the fickle ; when the luxuriant vine, wedded to 
its ſturdy elm, hangs in purple feſtoons, from bough te bough, 
every heart beats in grateful joy. O were men but ſenſible of 
real glory and true honour, they would ſeek it, not on the en- 
ſanguined, but on the cultivated plain; not in ſpreading deſtruc- 
tion, but in difuſing life through various ranks; they “ would 
beat their ſwords into plough-ſhares, and their ſpears into 
pruning-hooks.” | | 

Mankind, expoſed to inclement ſeaſons, will ever be be- 
holden to vegetables for ſhelter ; hence our obligations to timber- 

trees 
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trees of all ſorts, from the ſtately oak, of which ſhips are con- 
ſtructed, to the lender oſier, which yields only wattles: But by 
fruit-bearing trees, we are doubly accommodated, not only with 
' ſhelter but with food; not only with wood, but with pro- 
viſion; hence the apple, pear, plum, , peach, cherry, and 
many others, are highly valuable; they furniſh our tables 
with a deſſert, and delight our palates with their reliſh : 
and if the vine boaſt no wood for beams and for furniture, 
its noble fruit is, temperately uſed, invaluable. All nations have 
bad recourſe, for cheering drinks, to infuſions, or to the ſap of 
vegetables. 

Grain is a part of proviſion, on which we depend with 
aſſurance; whoſe abſence nothing can ſupply; whoſe loſs no- 
thing can compenſate. Happily, it is not only fertile and pro- 
ductive, but its nutritive qualities are not impaired by many 
years of keeping. | 

Garden vegetables unite delicacy of taſte to ſalubrity; they 
offer us choice of roots or plants, of pulſe or herbs; ſome for 
preſent uſe, others for ſtores. 

The beaten fibres of the hemp yield elegance and health: 
the hardy talks furniſh our ſhips with wings. The moſt im- 
menſe fail is but an union of hempen threads; the ſtrongeſt 
cable is but a combination of twiſts, weak aſunder, but whoſe 
united ſtrength reſiſts the rolling waves, enſuring ſecurity to 
the adventurous mariner, amid the ſwellings of the mighty 
deep. | 
It is worth our while to obtain ſome general knowledge of 
the properties of plants, as we can never foreſee under what cir- 
cumftances we may be obliged to them for aſſiſtance; or to 
what farther uſes a judgment of their properties from firſt ſight, 
or from cafual acquaintance, may lead us. 

Smell and taſte give ſome intimation of the nature and quali- 
ties of plants. An agreeable taſte or ſmell is ſeldom accom=- 
panied with noxious qualities; but, when theſe ſenſes are dif- 
2greeably affected by plants, their qualities are generally more 
or jefs noxious, being purgative, emetic, or poiſonous. Flants 
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of a ſweet taſte, are generally nutritive; thoſe of a ſalt taſte, 
are warm and ſtimulant. Plants of an acrid taſte, are cor- 
roſive; but, when deprived of their acrimony by drying, ſome 
of them become fit for food. Bitter plants are alkaline, ſtoma- 
chic, and ſometimes of a ſuſpicious nature. Acid plants are 
cooling, and allay thirſt; but thoſe of an auſtere taſte are 
aftringent. 

The colour and aſpect of plants throw ſome light upon their 
nature. Flowers or fruit of a red colour, are generally acid, 
Yellow flowers indicate a bitter taſte. Plants that have green 
flowers, are crude ; thoſe of a pale colour, commonly inſipid; 
thoſe of a white colour, generally ſweet ; and thoſe whoſe flowers 
have a gloomy and diſmal aſpect, are moſtly poiſonous. 

We ſhall firſt attend to the leading principles whereby natur. 
produces thoſe effects which delight or ſurpriſe us, and then 


we ſhall apply thoſe principles of art which are found neceſſary 


in order to procure ſome kind of regularity amidſt ſuch nu- 
merous tribes as the vegetable kingdom preſents to our notice. 


In continuing this diſcourſe, we propoſe to treat ſeparately, 
1. On the generation or propagation of vegetables. 
2. On their growth and nouriſhment. 
3. On their ſtructure, 
When we have offered ſome general remarks on theſe ſub. 
jects, we ſhall be prepared to attend, with advantage, to che 
more accurate inveſtigations of the Botaniſt. 
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Ox Tur GENERATION oz PROPAGATION _ 
or VEGETABLES. 


Vegetables are capable of Propagation, 
(I.) By Slips or Cuttings committed to the Earth. 
(2.) By Grafts inſerted on Trees of a different Kind. 
(3.) By Seeds. 


(1.) VEGETABLES are capable of propagation by ſlips and 
cuttings ; and, perhaps, far beyond what is related of any animal 
whatever, wonderful as are the facts admitted of the Polypus ; 
but, whether there be any vegetable capable of propagation only 
by this method, is not, that I know of, affirmed; or, whether 
there be any vegetable entirely precluded from this method: for 
not only plants may, by trailing, be made to ſhoot from the 
knots, Ke. in their ſtems, but branches of trees, if judiciouſſy 
managed, will become complete trees, not inferior in magnitude 
to their parents; nor are the ſub-diviſions of vitality in the fruit 
of a potatoe leſs remarkable - every eye is capable of producing a 
perfect plant. There is, however, one ſingularity attending 

vegetables, i. e. that as the branches are capable of becoming roots, 
ſo the roots are capable of becoming branches. Should we in- 
cline to change the ſituation of. theſe parts of a tree, the under- 
taking is feaſible, and has been accompliſhed in ſmaller ſubjects, 
by ſurrounding the branches with earth in a garden-pot; and, 
when they have drawn nutriment from the earth, gradually 
withdrawing the root from its bed, and accuſtoming it to depend 
for ſupply on its former branches; then judicioully chooſing 
the time for its expoſure to the air, and its production of 
leaves. 

(2.) Grafting is a kind of planting of a branch from one tree 
on the body of another; to this it unites, with this it lives and 
proſpers, or withers and decays: but it does not here unite by 
{nooting out roots as it would do were it in the earth, for its 
nutritive Juices are not to ſeek ; the tree ſupplies them, partly 
digeſted too, and fit for uſe. This is clearly the caſe, where 
trees of a ſimilar nature are united, and where curioſity has 
combined diſſimilar natures, it has been partly the caſe ; the nutri- 
ment has been in ſome degree advanced toward fitneſs, and the 
graft has completed its deficiency. That juices thus twice 
ſtrained, as it were, firſt by the roots of the tree, then by the 
pores of the graft, ſhould gain or loſe ſomewhat alterative to the 


favour 
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flavour of the fruit yielded by the graft, is not wonderful ; that 
it ſhould be enriched or mellowed, ſhould be acidulated or ſoft- 
ened, ſeems natural, and to depend in great meaſure on the 
qualities of the tree from which it now derives its nouriſhment, 
j (Z.) But as the general propagation o vegetables is rather 
| by ſeeds than by any other mode, to them we ſhall now direct 
our attention. | 
SEEDS of plants are of various figures and ſizes. Moſt are 
divided into two globes; though ſome (as thoſe of the creſs- 
F kind) have {ix ; and others (as the grains of corn) are entire. 
10 | But as the eſſential proper ties of all ſeeds are the ſame, when 
conſidered with regard to the principles of vegetation, our de- 
ſcription ſhail be limited to the great garden- bean: becauſe, 
| after it begins to Vvegetatc, its parts are more conſpicuous 
{ | than many others, and conſequently better calculated for in- 
veſtigation. _ 
| This ſeed is covered with two coats or membranes; the 
outer extremely thin and full of pores, but may be eaſily ſepa- 
rated from the inner one (which is much thicker) after the bean 
1 has been boiled, or lain a few days in the foil. At the thick end of 
the bean is a ſmall hole viſible to the naked eye, immediately over 
the radicle or future root, that it may have a free paſſage into 
the ſoil. When thoſe coats are taken off, the body of the feed 
appears, which is divided into two ſmooth portions or lobes. The 
ſmoothneſs of the lobes is owing to a thin film or cuticle with 
which they are covered. At the baſis of the bean 1s placed the 
radicle or future root, whoſe trunk, juſt as it enters into the 
body of the feed, divides into two capital branches, one to each 
| lobe, and ſends off ſmaller ones in all directions through the 
| whole ſubſtance of the lobes: theſe become ſo extremely minute 
| toward the edges of the lobes, that they require the fineſt glaſſes 
to render them viſible. This GRE wand MaLPnicivs named 
the ſeminal root; becauſe, by means of this, the radicle and 
plume, before they are expanded, derive their principal nouriſh- 
ment. | 
The plume, bud, or germ, is encloſed in two ſmall cor- 
reſponding cavities in each lobe. Its colour and conſiſtence is 
much the ſame with thoſe of the radicle, of which it is only 
a continuation ; but having a quite contrary direction: for the 
radicle deſcends into the earth, and divides into a great number 
of branches and filaments; but the plume aſcends into the air, 
18 and unfolds itſcif into ſtem, branches, leaves, flowers, fruit, 
i Sc. The plume in corn, ſhoots from the ſmaller end of 
' the grain. . 
T he ſubſtance, or parenchymatous part of the lobes is not 
a mere concreted juice, but is curiouſly organized, and conſiſts 
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of a vaſt number of ſmall bladders, reſembling thoſe in the pith 
of trees, : | 
n affimilating the animal and vegetable kingdoms, Line 
NAUg denominates ſeeds, the eggs of plants. The fecundity 
of plants is marvellous: a ſingle ſtalk of Indian or Turkey 
wheat, produced, in one ſummer, 2000 ſeeds; elecampane, 3000; 
ſun- flower, 4000; poppy, 32,000; a ſpike of cat's-tail, 10, 00; 
a ſingle fruit, or ſeed-veſſel of tobacco, contains 1000 ſeeds; 
of white poppy, 8000. Mr, RAV relates, from experiments 
made by himſelf, that 1012 tobacco-feeds weigh one grain; 
and that the weight of all the ſeeds in a ſingle tobacco-plant, 
according to the above proportion, determines their number to 
be 300,000, The fame author eſtimates the annual produce 
of a ſingle ſtalk of ſpleen-wort to be upwards of one million 
of ſeeds, ; 

The diſſemination of plants reſpects the different methods, or 
vehicles, by which Nature has contrived to diſperſe their ſeeds 
for the purpoſe of increaſe. Theſe, by naturaliſts, are generally 
reckoned four: | P. | f 

I. Rivers and running waters. 

II. The wind. 

III. Animals. 

IV. An elaſtic ſpring, peculiar to the ſeeds themſelves, 

Seeds which are carried along by rivers and torrents, are fre- 
quently conveyed many hundreds of leagues from their native 
ſoil, and caſt on very different climates, to which, however, by 
degrees, they become familiar. | 

Thoſe carried by the wind, are either winged, furniſhed with a 
pappus, or downy crown; placed within a winged calix, or ſeed- 
yeilel ; or, contained within a ſwelled calix, or ſeed-veſſel. 

Many birds ſwallow the feeds of vanello, juniper, miſtletoe, 
oats, millet, and other graſſes, and void them entire. Squirrels, 
rats, parrots, and other animals, ſuffer many of the ſeeds which 
they devour to eſcape, and thus in „ diſſeminate them. 
Moles, ants, earth-worms, and other incts, by ploughing up 
the earth, admit a free pailage to thoſe ſeeds which have been 
ſcattered upon its ſurface, _ | 
Some ſeeds attach themſelves to animals, by means of hooks, 
crotchets, or hairs, which are either affi xed to the feeds them- 
ſcives, to their calix, or to their fruit, or ſe d-veſſel. 

Seeds, which diſperſe themfelyes by an elaſtic force, have 
that force re::dent either in their calix, as in oats, and the greater 
number of ferns; in their pappus, as in centaurea crupina; or in 
their capſule, as in geranium, horſe-tail, cucumber, &c. 
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GROWTH or PLANTS. 


War the ſeed is fown, a nutritive moiſture is firſt abſorbed 
by the outer coats; which are every where furniſhed with fap 
and air-veſſels; by theſe it is conveyed to the cuticle; the 
euticle tranſmits it to the pulpy part of the lobes, where it enters 
the mouths of the ſmall branches of the ſeminal root, and paſſes 
from one branch to another into the main trunk, which com- 
municates with the plume and radicle : then this vegetable food 
runs in two oppoſite directions; part aſcending into the plume, 
promotes its growth and expanſion; part deſcending into the 
radicle, nourithes the root and its filaments. - Thus a plant is 
really poſſeſſed of two roots, both contained in the ſeed. The 


plume and radicle, when the ſeed is firſt depoſited in the earth, 


derive their. nouriſhment from the ſeminal root; afterwards, 
when the radicle begins to {hoot out its filaments, and to abſorb 
ſome moiſture (not, however, ſufficient to ſupply the wants of 
the plume) the two lobes, or main body of the ſeed, riſe with 
the plume, aſſume the appearance of two leaves, reſembling the 
lobes of the feed in ſize and ſhape, but having no reſemblance to 
thoſe of the plume, for which reaſon they have been called 
ai ſſmilar leaves. : | 

Theſe diſſunilar leaves defend the young plume from injuries, 
and at the ſame time, by abſorbing dew, air, &c. aſſiſt the tender 
radicle jn nouriſhing the plume, with which they ſtill are con- 
nected by means of the feminal root. But, when the radicle 
has deſcended deep enough into the earth, and has acquired a 
ſufficient number of filaments for abſorbing ſo much aliment as 
the growth of the plume demands, then the (feminal or) diſſimilar 
leaves, their utility being ſuperſeded, begin to decay, and 
gradually fall off. | ; 

Thus, as an egg contains not merely the foetus of an ani- 
mal, but a portion of ſuitable nouriſhment, whereby it is ſuſ- 
tained, for a conſiderable time; ſo a feed contains a portion of 
food fitted to nouriſh the naſcent root, capable of becoming part 
of it, and of ſupporting it till its own powers are competent to 
that purpoſe ; from which period, the plant is to derive a ſup- 
ply from the root, by means of its ramitications, and their ab- 


| ſorbent properties. 


The different ſpecies of ſeeds are longer or ſhorter in riſing, 
according to the degree of heat which is proper for each. Millet, 
wheat, and ſeveral of the gratles, riſe in one day; ſpinach, bean, 
muſtard, and others, in three days; lettuce and Gill, in four; 


cucumber, melon, and creſs, in hve; radiſh and beet, in fix; 


harley, in ſeven; orach, in eight; purſlane, in nine; cabbage, 
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in ten; hyſſop, in thirty; parſley, in forty or fifty days; peach,” 


almond, and others, in one year; roſe-buſh, -hawthorn, and 


hazel-nut, in two. The ſeeds of ſome ſpecies of orchis, and of 


ſome liliaceous plants, never riſe at all. Of ſeeds, ſome require 
to be ſowed almoſt as ſoon as they are ripe; otherwiſe they will 

not ſprout or germinate. Others, particularly thoſe of the pea- 
bloom flowers, preſerve their germinating faculty for a ſeries of 
years. Mr. Adanſon aſſerts, that the ſenſitive plant retains that 
virtue for thirty or forty years. | 

Air and water are the agents of germination. The humidity 
of the air makes ſeveral ſeeds to riſe. Seeds too are obſerved 
to riſe in water, without earth: but water, without air, is in- 
ſufficient. ; : 

For want of air, ſeeds buried very deep in the earth, either 
thrive but indifferently, or do not riſe at all. | 

They frequently preſerve, however, their germinating virtue 
for many years, within the bowels of the earth; and it is not 
unuſual, upon a piece of ground newly dug to a conſiderable 
depth, to-obſerve-it ſoon after covered with ſeveral plants, which 
had not been ſeen there in the memory of man. 

Some feeds. require a greater quantity of air than others. 
Thus purſlane, which does not riſe till after lettuce in the free 
air, riſes before it in vacuo; and both proſper but little, or 
periſh altogether, while creſſes vegetate as freely as in the 
open air. | 

The veſſels in the roots of plants abſorb moiſture from the 

earth; and from the root it is conveyed to the trunk, branches, 

leaves, &c. This moiſture, when it firſt enters the root, is 
crude; but as it aſcends in the plant, it undergoes ſeveral 
changes, by means of the different configurations of the veſſels 
peculiar to each part. For the leaves, flowers, fruit, and 
ſeed, have each ſomething peculiar in the ſtructure and arrange- 
ment of their veſſels, which produces anſwerable changes in the 
nature of the ſap. It is not known how theſe changes are pro- 
duced: but how the ſtomachs of animals make chyle from ani- 
mal and vegetable ſubitances, or how urine” falfva, bile, &c. 
are ſecreted from the common maſs of blood, is as little known. 
The fap likewiſe ſpreads laterally as well as riſes perpendi- 
cularly. | | 

The vegetable juices or fluids are generally reduced to two: 
the lymph or ſap; and the blood or proper juice. It appears, 
however, that plants contain many other fluids; for in a fingle 
fruit, ſuch as a pine-apple, orange, or ftrawberry, we can dif- 
tinguiſh by the taſte and ſmell three or four other liquors, of 


which we can diſcover but very feeble veſtiges in the other 
parts of theſe plants. | | 


Part IV. No. 23. C The 


10 THE GENERAL GEN TEEL PRECEPTOR. - PART Iv. 


The ſap, or lymph, is a ſimple fluid, without colour or ſmell, 
and little different from water. It may be compared to the chyle 
in the animal ceconomy, as may the roots which abſorb and pre- 


pare itz to the lacteals. It is purified, as the blood of animals, by 


perſpiration. | 5 ; | 

Philoſophers were greatly divided about the circulation of the 
fap : ſome contending, that it returns to the root between the 
bark and wood. But Hares, who made many accurate ex- 
periments, ſuggeſts, that it does not circulate, but aſcends and 
deſcends in the ſame veſſels; that it aſcends in hot weather, and 
deſcends in cold, like the ſpirits in a thermometer. 


That the ſap or lymph aſcends from the root to the ſtem, 


branches, leaves, and even the minuteſt parts of the fructifica- 
tion, is paſt a doubt. But whether the ſap ſo diffuſed to the ex- 


tremities of the plant returns; and whether there be in plants a 
circulation of ſap, analogous to that cf the blood in animals, is a 
queſtion which will probably never receive a ſatisfactory anſwer ; 
as the data required for its ſolution are exceedingly numerous, 
and almoſt without our reach. | 


Vegetables begin to abſorb ſap early in ſpring, and ſoon after 
ſhoot their buds, leaves, and flowers. 


In ſpring, the ſap is found in the greateſt abundance, and then 
the bark is eaſily detached from the wood. On the contrary, 
when the ſap-ſeaſon is paſt, the bark is found cloſely applied, 


and, as it were, glued to the wood. The leaves contribute 


greatly both to the abundance and motion of the ſap. I 


à tree, when high in fap, is diveſted of its leaves, the bark, in a 
few days, will adhere as cloſely to the wood as in winter. 


motion of the ſap mutt. ſtop of courſe. 


Plants in a ſtate of vegetation, eſpecially in hot weather abſorb 
much, ſuperfluous ſap; but the ſuperfluity is carried off by 
tranſpiration: Every part of a plant tranſpires, but the greater 
quantity paſles by the leaves. 

Some have aſſigned the tranſpiration of plants as the cauſe of 
the motion of the ſap: it is undoubtedly one cauſe, for, if 
tranſpiration be ſtopped at a time when the veſſels are full, the 


But then there is a 
previous and principal cauſe, whatever it is, that firſt puts the 


| ſap in motion before tranſpiration has commenced. 


Heat, moiſture, and air, are the three chief circumſtances _ 
that promote the aſcent of the ſap. Hence, nothing is more 
favourable to vegetation than warm weather, accompanied with 
rain; on the other hand, cold dry weather is its greateſt enemy. 
In a wet cold ſeaſon every thing rots; in hot dry weather 
every thing is parched: but the circumſtances moſt favourable 


to vegetation are cloudy hot weather, inclinable to thunder, 
ſuccceded by plentiful rains. 


The 
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The other ſort of fluid contained in plants, is denominated 


the proper juice, and is analogous to the blood in animals. It is 
a compound liquor, and is eaſily diſtinguiſhed, by its colour, 
ſmell, and ſubſtance, from the lymph or ſap. ; 

This fluid is either green, as in periwinkle; white, as in 
ſpurge, fig-tree, and dog's-bane ; yellow, as in celandine; red, 
as in log-wood, and dragon's- blood; mucilaginous, or gummy, 
as in the jujube and mallow-tribes; or reſinous, as in the cone- 


bearing plants, It is from this variety in colour and ſubſtance, 


that the liquor in queſtion is called the. proper juice; each. 
ipecies of plant being ſuppoſed to contain a fluid which is pro- 
per and peculiar to it. : 


In this blood, or proper juice, reſide the ſmell, taſte, and 
virtue of the plants. 

The blood, or proper juice, is contained in tubes, which are 
larger than the lymphatic or ſap-veſſels, and although diffuſed 
through the whole ſubſtance of the plant, are collecte in greater 
abundance in the bark. In fir-trees, the turpentine, which is 
the proper Juice, is amaſſed in the parenchymatous ſubſtance, 
immediately under the epidermis or {kin of the bark: in juniper, 


the ſandarac is collected betwixt the bark and the wood: in 
the Jarch-tree, the turpentine which it produces is accumulated 


in the body of the wood; in pine, it exudes from the bark, from 
betwixt the wood and bark, from the wood itſelf, and from 
the pith. | 

It would appear very improbable, that the ſame matter could 
nouriſh ſuch numerous families of plants, differing fo eſſentially 
in ſmell, taſte, figure, &. Much, however, may be explained 


by conſidering the great variety apparent in the internal ſtruc- 


ture and arrangement of the veſſels. If the veſſels in any plant 
be uncommonly ſmall, particles will be rejected by that plant, 
which would be abſorbed by one of larger veſſels. Nay, changes 
may be made in the crude hamogeneous nouriſhment, by a 
ſmall difference in the figure or action of the veſſels. 

One plant will ſtarve another, by robbing it of nouriſh- 
ment; either by extending its roots, and, requiring a greater 
quantity of nouriſhment, or by abſorbing the peculiar food 
which is neceſſary for the growth of the other plant. 

That a poiſonous plant and its antidote will grow in the ſame 
ſoil, may be owing either to theſe plants imbibing different 
juices from the earth, or to their peculiarities in the ſtructure 


and action of their veſlels. N 


A ſtalk of lemon, grafted on a branch of an orange: tree, 
grew, ripened its fruit, and preſerved the figure, and all the 
other qualities belonging to a lemon. This plainly indicates, 
that the organization of the lemon gave a different modifica- 
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tion to the juices of the orange, through whoſe intervention 


rece ved nouriſhment. 


It is alſo certain, that different parts of the ſame plant have 
various ſmells, taſtes &c. although the nouriſhment derived from 


the root muſt be the ſame. Hence it appears, that the different 
ſtructure of parts in the ſame plant is capable of producing ſen- 


ſible changes in the nature and quality of the ſap. 


Repeated experiments ſhow, that many plants of oppoſite qua- 
lities, and even trees, have been nouriſhed and brought to ma- 
turity by water alone. 

Ihe roots of plants are fitted to abſorb every fluid that comes 
within their reach. They have been found by experiment to 
imbibe fluids that actually poiſon them, whence it may be fairly 
concluded, that they have not, like animals, the ſagacity of 


_ chooſing the food that is moſt proper for then. 


That theearth may ſupp!y « variety of juices and even of contrary 
qualities, is undeniable; that a plant may have pores too narrow 
to admit ſome is alſo undeniable: but it ſeems to me that ſome- 
what alſo muſt be attributed to that kind of juice to which a plant 
has been accuſtomed ; for we know that if a number of worſted 
threads be hung in a baſon of oil, ſo that they abſorb the oil, 
and it run through them, they will not in like manner imbibe 
water; the oil they contain forbids it; if they are ſqueezed never 
ſo dry, ſo that apparently the oil were expelled from them, yet 
what little remains will unfit thoſe threads for the abſorption of 
water : the fame occurs if they had been imbued with water, 
they will refuſe to tranſmit oil. May we not then ſuppoſe that 
one effect of the pulpy part of the ſecd has been to accuſtom the 
fibres cf the ſeminal root to ſuch a juice as ſuits its nature? or 
have not thoſe fibres drawn from (perhaps through) that pulp a 
a Juice tinged or contaminated with its own properties, and 
thereby partly concocted for the aliment of the plants? to which 
being habituated and throroughly drenched in it, it ever after 
admits paſſage to thoſe only which are of a ſimilar nature. I hus 
a poiſonous ſeed accuſtoms its offspring- fibres to a poiſonous 
Juice, and perpetuates their properties. In an earth which 
does not furniſh ſuch a juice; the plant will not thrive, if it 
will live; which perhaps it may, by aſſimilating ſuch innocent 
Juices as it procures, fo far as it can, to its own nature, which 
yet may not be far enough to perfect its properties; whence 


that may be deadly in one ſoil which in another is only noxious, 


or that noxious in one which in another is only infipid; and 
with this ſcems to agree the analogy of moſt vegetable poiſons, 


which often by tranſpiantation Joſe their moſt lively properties 


alſo the variation of plants, corn, &c. which in one ſoil flouriſh, 
perhzps improve, in another degenerate ; this cauſe then traces 
| N | | their 


IE: 
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their properties to their origin, and ſhows the nature impreſſed 
upon them; which probably is preſerved by a greater or leſs 
number of each plant reſpectively always occupying a portion 
of earth, where it meets with juices adapted to its maintenance 
in full vigour. It is natural, that after having paſſed through a 
number of canals and paſſages from the root to the branches 
(and perhaps acquiring a tinge from many in its progreſs) it 
ſhould be highly impregnated ere it arrive at the fruit; where, 
and eſpecially in the ſeeds of that fruit, it ſhould undergo the 
laſt ſtage of exaltation, and be ripened into qualities perfectly 
correſponding to thoſe of the tree. | | 
That plants partake of the nature of the foil whereon they 
grow is notorious ; and this in no trifling degree: plants which 
in a free foil have no nitre in them, yet yield nitre when they 


grow on a nitrous ſoil, as is often experienced in the nitre- works 


in France: nay the very kind of manure uſed in the cultivation 
has been thought to influence the taſte of vegetables. 

Though have faid plants may live by aſſimilating ſuch juices 
as they can procure, yet J apprehend: if there be an, abſolute 
dearth of ſuch as are proper to them, though there be plenty ot 
others in the ſpot where they grow, they will pine, languiſh and 
die. Hence water-plants cannot fupport a dry foil,” and heath- 
plants are rotted by humidity. Nevertheleſs, it is aſſerted, that 
as the deſert plains of Africa, where a parched and ſandy foil 
prohibits vegetation, yield only moſſes and lichens, ſo the higheſt 
Alpine regions, and the molt rigourous northern climates, yield 
only moſles and lichens alſo. Strange that the ſame plants 
ſhould ſupport extremes of heat and cold, yet refuſe to flouriſh 
in temperate climates and on richer ſoils ! 


STRUCTURE OF PLANTS. 


We ſhall preſent our information on this ſubject in the fol- 
lowing order : > 
| 1, Of the Roor. 

2. The TRUNK. 

3. The LEAVEs. 

4. FLOWERS. 

5. FRUITS. 


We now proceed to notice the STRUCTURE of plants: 
and firſt of the root. | | 
In examining the RooT of plants, the firſt thing that. preſents 
itſelf is the Tkin, which is of various colours in different piants. 
Every root after- it has arrived at a certain age, has a double 
ſkin, The firſt, or æpidermis, is coeval with the other prey 
| an 
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and exiſts in the feed; afterwards a ring ſent off from the 
bark forms a ſecond ſkin; c. g. in the root of the Dan- 
delion, towards the latter end of May, the original or outer ſkit 
appears fhrivelled, and is eaſily ſeparated from the new one, 
which is freſher and adheres more firmly to the bark. Peren- 
nial plants are ſupplied with a new fkin every year; the outer 
one falls off in the autumn or winter, and a new one is formed 
from the bark in the ſuccecding ſpring. The ſkin has nume- 
rous cells or veſſels, and is a continuation of the parenchyma- 
tous part of the radicle. However, it does not conſiſt ſolely of 
parenchyma, for the microſcope ſhows that there are many tu- 
bular ligneous veſſels interſperſed through it. 

be organization and internal ſtructure of the different parts 
of vegetables, ſuch as the ſtems and branches, the leaves, the calix, 
the petals, and feeds, is not exactly the ſame; in ſome they are 
formed of two or three; in others of all the ſimple organical 
parts contained in the bark and wood of the ftem, in which the 
organization is moit apparent. ES, 

When the ſkin is removed, the true cortical ſubſtance or 
BARK appears, which is alſo a continuation of the parenchyma- 
tous part of the radicle, but greatly augmented. The bark is 
of very different ſizes. In moſt trees it is exceedingly thin in 
proportion to the wood and pith. On the other hand, in carrots, 
it is almoſt one half of the ſemidiameter of the root; and in dan- 
delian it is nearly twice as thick as the woody part. 

The RoOT BARK is compoſed of different ſubſtanees, the 
parenchyma, or pulp, which is the principal part, and woody 
fibres. The parenchyma is exceedingly porous, and has great 
reſemblance to a ſpunge; it ſhrivels conſiderably when dried, 
and dilates to its former dimenſions when ſteeped in water. 
Theſe veſſels do not communicate with each other, but con- 
ſiſt of diſtinct little cells or bladders, ſcarcely viſible without 
a microſcope. In all roots, theſe cells are conſtantly filled 
with a thin watry liquor. IT hey are generally ſpherical, though 
ſome, as the hugloſs and dandelion, are oblong. In many roots, as 


the horſe-radijh, pemy,: aſparagus, potato, &c. the parenchyma, 


is of one uniform ſtructure; but in others it is more diverſified, 
and aſſumes the appcarance of rays diverging from the centre 
to the circumference of the bark. Theſe rays ſometimes run 
quite through the bark, as in /avage; and ſometimes advance 
toward the middle of it, as in meliot and moſt of the leguminous 
and umbelliferous plants. They generally ſtand equally diſtant 
from each other in the ſame plant; but the diſtance varies greatly 


in different plants. Neither are they of equal ſizes: in carrot they 


are exceedingly ſmall, and ſcarcely — in meliot and cher- 
vil they are thicker. "They are likewiſe nfOre numerous in fome 
| plants 


THE BOTANICAL PRECE Prox 15 


plants than in others. Some are of uncommon thickneſs from one 
edge of the bark to the other; ſome grow wider as they approach 
the ſkin. The veſlels with which theſe rays abound are ſuppoſed 
to be air-veſſels, becauſe they are found dry, and not ſo tranſpa- 
rent as the veſſels which evidently contain the ſap. | 

All roots have ligneous veſſels diſpegſed in different propor- 
tions through the parenchyma of the bark. Theſe run longitu- 
dinally through the bark, in the form of long threads, tubular, as 
is evident from the riſing of the ſap in them when a root is cut 
tranſverſely. Theſe ligneous ſap-veſſels at ſmall diſtances in- 
cline to one another in ſuch a manner, that they appear to the 
eye to be inoſculated; but the microſcope diſcovers them to be 
only contiguous, and braced together by the parenchyma. 
Theſe braces are various in ſize and number in different roots; 
but in all plants are molt numerous toward the inner edge of the 
bark : like the nerves in animals, they are bundles of twenty 
or thirty ſmall contiguous cylindrical tubes, which run from the 
extremity of the root, without ſending off any branches, or ſuffer- 
ing any change in ſize or ſhape. 16 | 

In ſome roots (as parſnips) the ring of theſe veſſels next the 
inner extremity of the bark contains a kind of lymph ſweeter 
than the ſap in the bladders of the parenchyma: from this 
circumſtance they have got the name of [mph-dudts. Theſe 
lymph-duCts ſometimes yield a mucilaginous lymph, as in the 
comphrey ; and fometimes a white milky glutinous lymph, as 
in the angelica, ſonchus, burdock, ſcorſonera, dandelion, &c. 
The lymph-ducts are ſuppoſed to be the veſſels which ſecrete 
the gums and balſams. [he lymph of fenne] expoled to the 
air, becomes a clear tranſparent balſam; that of the ſcorzonera, 
dandelion, &c. condenſes into a gum. | 

The ſituation of the veſſels is various. In ſome plants they 
ſtand in a ring or circle at the inner edge of the bark, as in 
aſparagus; in others they appear in lines or rays, as in borage ; 
in the parſnip, and ſeveral other plants, they are moſt conſpi- 
cuous towards the outer edge of the bark; in the 'dandelion 
they are diſpoſed in the form of concentric circles. 

The woop of roots is that part which appears after the bark 
is taken off, and is firmer and leſs porous than the bark. It 
conſiſts of two diſtinct ſubſtances : (1) the pulpy or parenchy- 
matous; (2) the ligneous. The wood is connected to the 
bark by large portions of the bark inſerted into it, moſtly in the 
form of rays, tending to the centre of the pith, eaſily diſcernible 
in a tranſverſe ſection of moſt roots. Theſe inſertions, like the 
bark, conſiſt of many veſſels, moſtly round or oval. 

The ligneous veſſels are generally diſpoſed in collateral rows 
running longitudinzllwthrough the root. Some of thefe contain 
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air, others ſap. The air-veſſels are diſtinguiſhed by being 
whiter. ff W11 | tr | | 
The pl is the centrical part of the root. Some roots have 
no pith, as the ſtramonium, nicotiana, &c.; others have little or 
none at the extremities of the roots, but a conſiderable quantity 
near the top. The pith, like every other part of the plant, is 
derived from the ſeed: but in ſome it is more immediately de- 
rived from the bark; for the inſertions of the bark running in 
betwixt the rays of the wood, meet in the centre, and conſtitute 
the pith. It is owing to this circumſtance, that certain roots 
which have no pith-in the lower part, are amply provided with 
it towards the tops, as columbine, lovage, &c. | 

The bladders of the pith are of different ſizes, generally of 


a circular figure. Their polition is more uniform than in the 


bark. Their ſides are a compoſition of ſmall fibres or threads, 


which gives the pith, when viewed with a microſcope, the ap- 
pearance of a piece of fine gauze or net-work. | 

We ſhall conclude the deſcription of roots with qbſerving, 
that their whole ſubſtance is nothing but a congeries of tubes 
and fibres adapted by nature for the abſorption of nouriſhment. 


MTHE TRUNK = 


In deſcribing the trunks of plants, we obſerve, that whatever 
is faid of them applies equally to the branches. | 
The TRUNK, like the root, conſiſt of three parts; the bark, 


wood, and pith. Theſe, though ſubſtantially the ſame in the 


trunk as in the root, are often very different in texture and ap- 
pearance. | 

I. The ſkin of the bark is compoſed of very minute bladders, 
interſperſed with longitudinal woody fibres, as in the nettle, 
thiſtle, and moſt herbs. The outſide of the ſkin is viſibly 
porous in ſome plants, particularly the cane. | 

The principle body of the bark is compoſed of pulp or pa- 
renchyma, and innumerable veſſels, much larger than thoſe of the 
ſkin, The texture of the pulp, though the ſame ſubſtance with 


the parenchyma in roots, ſeldom exhibits rays running towards 


the pith ; and when theſe rays do appear, they ſeldom extend 
above half way to the circumference. The veſſels of the bark 


are differently ſituated, and deſtined for different purpoſes, in dif- 


ferent plants. In the bark of the pine, the inmoſt are lymph- 
ducts, exceedingly ſmall ; the outermoſt are gum or reſiniferous 
veſſels, deſtined for the ſecretion of turpentine ; and are fo large 

as to be diſtinctly viſible to the naked eye. 
2. The Woop lies between the bark and pith, and conſiſts 
of two parts; (1) parenchymatous, (2) ligneous. In all trees, 
I | the 
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che parenchymatous part of the wood, though diverſified as to 


ſize and conſiſtence, is uniformly diſpoſed in diametrical rays, 
or inſertions running between ſimilar rays of the ligneous part. 


The true wood is a congeries of old dried lymph-ducts. 


Between the bark and the wood a new ring of theſe is formed 
every year, which gradually loſes its ſoftneſs as the cold ſeaſon 
approaches, and about the middle of winter is condenſed into a 


folid ring of wood. Theſe annual rings, which are diſtinctly 


viſible in moſt trees when cut through, ſerve as natural marks to 
diſtinguiſh their age. The rings of one year are ſometimes 
larger, ſometimes Jeſs, than thoſe of another, probably owing to 
the favourableneſs or unfavourableneſs of the ſeaſon wherein they 
were formed. 

The pith, though, of a different texture, is exactly of the ſame 
ſubſtance with the parenchyma of the bark, and the inſertions of 
the wood. The quantity of pith is various in different plants. 
Inſtead of being increaſed every year like the wood, it is annually 
diminiſhed, its veſſels drying up and aſſuming the appearance 
and ſtructure of wood: inſomuch that in old trees there is ſcarcely 
ſuch a thing as pith to be found, | 

A ring of ſap-veſlels is uſually placed at the outer edge of 


the pith, next{the wood. In the pine, fig, and walnut, they are 


very large. The parenchyma of the pith is compoſed of ſmall 
cells or bladders, of the fame kind with thoſe of the bark, but 
larger. The general figure of theſe bladders is circular; 
though in ſome plants, as the thiſtle and borage, they are an- 
gular. Though the pith is originally one connected chain of 
bladders, yet as the plant grows old, it ſhrivels and opens in 
different directions. In the walnut, after a certain age, it ap- 
pears in the form of a regular tranſverſe hollow divition. In 
tome plants it is altogether wanting; while in others, as the 
ſonchus, nettle, &c. there is only a tranſverſe partition of it at 
every joint. Many other varieties might be mentioned. 


OF LEAVES. 


THE LEAVES of plants conſiſt of the ſame ſubſtance with 
the trunk. They are full of woody portions, running in all 
directions, and branching out into innumerable ſmall threads 
interwoven with the parenchyma) like fine lace or gauze. 

The ſkin of the leaf is full of pores, which ſerve for per- 
ſpiration, for the abſorption of dews, air, &. Theſe pores 
differ in ſhape and magnitude in different plants, whence 
originates their variety of texture or grain. The pulpy or pa- 
renchymatous part conſiſts of very minute fibres, wound up into 
imall cells or bladders. "Theſe cells are of various ſizes in the 

Part III. No. 23. B ſame 
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ſame leaf. All leaves, of whatever figure, have a marginal fibre, 
by which the whole is bounded. © The particular ſhape of 
this fibre determines the figure of the leaf. The veſſels of 
leaves have the appeance of inoſculating but, when examined 
by the microſcope, they are found only to be interwoven, or laid 
along each other. What are called air-veſſels, or thoſe which 
contain no ſap, are viſible even to the naked eye in ſome leaves. 
When a leaf is flowly broken, tiey appear like ſmall woolly 
fibres, connected to both ends of the broken piece. 


= ; O WE: 


The exture, veſſels, &c. of F! .OWERS, are pretty ſimilar 
to thoſe of the leaf. Every flower is perfectly formed many 
months before 1t appears outwardly; that is, the flowers which 
appear this year, are not, properly ſpeaking, flowers of this 
year, but of the laſt. For example; mezereon generally flowers 
in January; but theſe flowers were completely formed in the 
month of Auguſt preceding. By ſeparating the coats of a 
tulip-root, about the beg! nning of September, we find that the 
two innermoſt form a kind of cell, in the centre of which ſtands 
the young flower, which 1s not to make its appearance till the 

following April, or May. 


DT FRUTCTS: 


IN deſcribing the ſtructure of FRUITS, a few examples ſhall 
be taken from ſuch as are moſt generally known. 

A PHAR, befives (1.) the ſkin, which is a production of the 
Kin of : bark, conſiſts of (2.) a double parenchyma or pulp, 
(3.) ſap-veitels, (Z.) air-veilels, (5.) a calculary, (.) an acetary. 

The 77er. parcnc: ym: a is tle fame ſubſtance, continued from 
the bar only its bladucrs are larger and more ſucculent. It is 
every where interſperſ. = with 5 11 globules or grains, and the 
bladders lp tnele grains as a kind of centre ; every. g grain 
being the Centre of a number ,of bladders. The fap and air- 
veſſels in this pulp are extremely ſmall. | 

Next * Hrs is the ih⁊ö Pitt, or parenchyma, which conſiſts 
of bladders of the fame kind with the outer, only larger and 
more ot blot 7, bee to thoſe of the pulp, from which it 
{-ems to be derived. This inner pulp is much ſourer than the 
other, and has none of the ma greins interſperſed through it, 


po 


I 
begin to grow larger, and gradu * un be 1 E 1 14 itony win 
eſpecial'y towar-is the co. etl, or heart of the fruit; and from 


this 
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this circumſtance it has been called the calculary. Theſe grains 
are not derived from any of the organical parts of the tree, but 
ſeem rather to be a kind of concretion precipitated from the 
ſap, ſimilar to the precipitations from wine, urine, and other 
Rquors. | | | 

The core /c&ur) is a roundiſh cavity in the centre of the 
7 pear, lined with a hard woody membrane, incloſing the ſeed, 
-_ At the bottom of the core is a ſmall duct or canal, which runs 
up to the top of the pear ; this canal allows the air to enter the 
core for the purpoſe of drying and ripening the ſeeds. | 

In a LEMON, the parenchyma or pulp appears in three dif- 
ferent forms. The parenchyma of the rind is of a coarſe tex- 
ture, compoſed of thick fibres, woven into large bladders: thoſe 
neareſt the ſurface contain the eſſential oil of the fruit, which 
kindles into flame when the {kin is ſqueezed over a candle. This 
outer parenchyma furniſhes nine or ten inſertions of thin plates or 
lamellz, each incloſing a portion of the pulp, and all uniting into 
one body in the centre of the fruit, which correſponds to the pith in 
the trunk or roots. At the bottom and top of the lemon, this 
pith evidently joins the rind, without the intervention of any la- 
mellæ. This circumſtance ſhows that the pith and bark are 
actually connected in the trunk ad roots of plants, though it is 
difficult to demonſtrate the connection, on account of the cloſe- 
neſs of their texture, and the minuteneſs of their fibres. Many 
veſſels are diſperſed through the whole of this pulp; but the 
larger ſtand on the inner edge of the rind and the outer edge 
of the pith, juſt at the two extremities of each lamella. 

The ſecond kind of pulp or parenchyma is placed between 
the rind and the pith, is divided into diſtinct bodies by the la- 
mellæ; and each of theſe bodies forms a large bag. Theſe bags 
contain a third parenchyma, which is a clutter of ſmaller bags, 
diſtinct and unconnected, having ſmall ſtalks by which they are 
hxed to the large bag. Within each of theſe ſmall bags are 
many hundreds of bladders, compoſed of extremely minute fibres. 
Theſe contain the acid juice of the lemon. 


Theſe inſtances may ſuffice to ſhow the general nature and 
ſtructure of the fruit-veſſels: we {hall now procced to notice a 
ſubject of the greateſt curioſity in the vegetable world, the irrita- 


bility of plants. 
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THE IRRITABILITY OF PLANTS. 


THE irritability of plants is a curious ſubject ; but not yet en- 
tirely elucidated. It is not always alike, but capable. of increaſe 
and decreaſe ; is ſaid to be greateſt in the morning, leſs at noon, 
ſill leſs in the evening; greateſt in ſpring, leſs i in ſummer, {til} 
Jeſs in autumn: whether it be recruiced by winter torpidity, 
therefore moſt abundant in ſpring; or by nightly repoſe, therefore 


moſt abundant in the morning; or whether it may not depend on 


the different ſtates of the atmoſphere, which in ſpring and morn- 
ing is humid and cool, is queſtioned. I hat humidity is grateful 
to plants, is clear; that coolneſs conſtricts their fibres, as heat 
renders them flaccid, looſe, and therefore probably inert, by rea- 
ſon of a ſmaller degree of tenſion, is alſo clear. Whether this 
latter cauſe may not- influence thoſe plants which apparently 


follow the ſun, has been doubted ; for ' thoſe parts of the ſtem 


whereon his rays fall moſt im mediately are thereby rendered 
weaker than thoſe not expoſid to his rays, doubtleſs they will give 
way, and the flower will bend to that fide. If this be true, and 
alſo that coolneſs conſtricts the fibres of plants, then that ſuch 
conſtriction A uld act principally on theſe parts which had been 
expanded, 7. e. the flower, is natural. That coolneſs obtains be- 
fore rain, KY in the evening, 1s certain; and on this princi- 
ple the elofure of certain plants and flowers is accounted 
for ; but as ſom e are op 3 : = cloimg at all times (infomuch 
r ſtate informs us we may know 


the hour of the day, and hence th them 7lra's Watch), and 
as others Open Fran du 3 night. this Caule ſeem , inadequate to 
ſuch great variety of effects. W hat is termed the fp of plants, 


18 r to pk oceed from exhauſtion of 1 Irritabiliy, and! is molt 
obſerv a ab E in young plants, ard in fpri ing. 

The 1 . ima Or Sz Nj 7 it1ve 55 ant (of Wie dh Linnzus reckons 
forty-l1x ſpecies) 15 Ne great inſtance of ritab ility; as belide 
contracting its leaves in the > evening, It may be made to contract 
them at 2 ny time, by the touch of the ha 55 the fumes of volatile 
alkali, muſk, opiut | 
is fo powerful, that on its a. place, the leaves may be eaſier 


broken than re- expanded; but the plant w lr regain its natural 


ſtate after an interval of from ten minutes to half an hour. Im- 
merhon in water docs not produce theſe effects. Their gene- 
ral a is according to the force or quantum of ſtimulus 
engaged on the plant, affecting . Erft one leaf, then its fellow or 
he ſtalk, then the pe dicle or foot-italk, moving up- 

leaves on chin branch to the very ſtem of the 
: plant: 


n, or tac electric fark: : and this contracticn 
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plant. A ſhaking motion affects the whole plant; but it is im- 
poſſible to affect the branches and not the leaves. 

The Senſitive and Humble plants are arranged by Lin- 
næus under the ſame genus with the acacias. 

T he ſenſibility of theſe plants is lodged in the young branches, 
in the common foot-ſtalk of the winged leaves, and in the 
nerve or middle rib to which the lobes or leſſer leaves are at- 
tached. U he different motions, which ſeem to be totally inde- 
pendent of each other, may be aptly enoagh compared, by ana- 
logy, with the irritability of certain parts in animals. 

The ſenſitive piant has two kinds of motion; the one natural, 
occaiioned by the action of warm nouriſhing vapours ; the other 
artificial, in conſequence of being touched or ſhaken. 

Mr. Duhamel having obſerved, about the fifteenth of Sep- 


tember, in moderate weather, the natural motion of a branch of a 


ſenſitive plant, remarked that at nine in the morning it formed 


with the ſtem an angle of one hundred degrees; at noon, one 


hundred and twelve degrees; at three in the afternoon, it returned 


to one hundred ; and after touching the branch, the angle was 


reduced to ninety. Three quarters of an hour after, it had 


mounted to one hundred and twelve; and at eight at night, it 
deſcended again, without being touched, to ninety. 
The day after, in finer weather, the ſame branch, at eight in 


the morning, made an angle of one hundred and thirty-five de- 


grees with the ſtem ; after being touched, the angle was dimi- 
niſhed to eighty ; an hour after, it aroſe again to one hundred and 
thirty-five; being touched a ſecond time, it deſcended again to 
eighty; an hour and a half after, it had riſen to one hundred and 
forty-five ; and upon being touched a third time, deſcended to 
one hundred and thirty five, and remained in that poſition till 
five in the afternoon ; when being touched a fourth time, it fell 


to one hundred and ten. 


With whatever body the ſenſitive plant is touched or irri- 
tated, it is remarkable that the ſenſibility reſides particularly 


in the articulation or joining either of the branches of the 


common footſtalk, or of the particular foot-ſtalk of each 
wing. | 

The time which a branch requires to recover itſelf after being 
touched, varies according to the vigour of the plant, the hour of 


the day, the ſeaſon of the year, or the heat, and other circum- 


ſtances of the atmoſphere. 


he order in which the parts recover themſelves, varies in 
like manner; ſometimes it is the common foot-ſtalk ; ſome- 
times the rib to which the lobes are attached; and ſometimes the 
lobes themſelves are expanded, before the other parts have 
made any attempt to be re-inſtated in their former poſition, 
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If, without ſhaking the other ſmaller leaves, we cut off the 
half of a lobe belonging to the laſt pair, at the extremity or 
fummit of a wing, the leaf cut, and its antagoniſt, that is to ſay, 
the firſt pair, begin to approach each other; then the ſecond; 


. 


and ſo on ſucceſſively, till all the leſſer leaves or lobes of 


that wing have collapſed in like manner. Frequently, after 


twelve or fifteen ſeconds, the lobes of the other wings, which 
'were not immediately affected by the ftroke, ſhut; while the 
ſtalk and its wing, oi, A at the bottom, and proceeding 1 in 


order to the top, gradually recover themſelves. 
If inſtead of one po the leſſer extreme leaves, we cut off one 


belonging to the pair that is next the foot-ſtalk, its antagoniſt 


ſhuts, as do the other pairs ſucceſſively, from the bottom to the 
top. 

If all the lobes of one ſide of a wing be cut off, the oppoſite 
Jobes are not affected, but remain expanded. 

With s. addreſs, i it is poſſible even to cut off a branch, with 
out hurting the leaves or making them fall, 

The common foot: ſtalk of the winged leaves being cut as 
far as three fourths of its diameter, all the parts which hang down 
collapſe; but quickly recover, without appearing to have ſuffered 
any conliderable violence by the ſhock. 

An inciſion being made into one of the principal branches, to 
the depth of one half of the diamet ter, the branches ſituated be- 
twixt the ſection and the root will fall down: thoſe above the 


inciſton remain as before, and the leſſer leaves continue open; 


but this direction is ſoon deitroyed, by cutting off one of the 
lobcs at the extremity, as was obſerved above. 

Laſtly a whole wing being cut off, with precaution, near its 
inſertion into the common foot- ſtalk, the other wings are not af- 
fected by it, and its own lobes do not ſhut, No motion like- 


wile enſues from piercing the branch with a needle or other 


ſharp inſtrument. 


Different from all the kinds of ſenſitive plants hitherto known, 
is the diomea muſe! b a, or Venus's fly-trap, a plant diſcovered 
in the iwamps of Nor th Ar merica, and now cultivated in the 
gardens of Europe. The plant is of very low growth, and riſes 
With a naked {talk ; it is garniſhed at the bottom with eight or 
nine {imple leaves with winged loot ſtalks, which proceed imme- 
diately from the root. In ee figure and ſenſibility of theſe leaves, 
conſitts the oddity of the plant. Fach leaf is almoſt round, but 
furniſhed at its margin, with a ſet of long teeth or feelers not un- 
like the antennæ or horns of many inſets. This leaf, as I faid, 
runs out into a foot-ſtalk, which is not of equal breax dtn through- 
out, but enlarges towards the top. Upon touching che leaves in 
cold weather, no ſerſible comration enſues; in warm. Oe, 
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and particularly at noon, it is very ſtrong. But what is moſt 
remarkable of this plant is, its rare way of deſtroying flies and 
other inſets which approach it. A fly no ſooner touches the 
upper ſurface of the leaf, than the two lobes approach, and cruſh 
the inſe& to death; the teeth or teelers at the margin, no doubt, 
contributing to haften that event. ny 

The cauſe of this and the other motions of plants is merely ex- 
ternal. The motions themſelves, therefore, are not ſpontaneous, 
as in perfect animals, which have that cauſe dependant on their 
choice and will. 

"The negroes in Senegal call a large ſpecies of ſenſitive plant, 
which grows in that country, guerackino ; that is, good-mor- 
row; becauſe, ſay they, when you touch it, or draw near to ſpeak 
to it, the plant immediately inclines its leaves, to wiſh you, as it 
were, a good-morrow, and to ſhow that it is ſenſible of the po- 
liteneſs done it. In the fame country is produced a ſmall ſenſi- 
tive plant, that is rampant, not ſpinous, and which Mr. Adanſon 
affirms to be infinitely more delicate and ſenſible than all the other 
ſpecies. 

That plants are greatly affected by the impulſe of light, ap- 
pears from the inſtance of this plant. A ſenſitive plant, placed 
in a dark cave, was twenty-four hours before it expanded, and 
then very partially; ſuffered no change at night or morning: 
but being placed in the open air, it recovered its natural ſtate 


and irritability. Another kept in a dark room during ſome 


hours after day-break, did not expand; but, being reſtored to the 
light, expanded without delay. 


Paraſitical plants, which grow on other trees, as the miſtletoe, 
or which climb on other trees, as the ivy, and numberleſs others, 
are a curious claſs of plants; many of which never drew nouriſh- | 
ment from mother earth, but from their ſupporting tree, which 
tney often ſtrangle and deſtroy. In hot countries theſe are ſome- 
times ſo noxiouſly abundant, that no art can exterminate them. 

Vegetables are greatly expoſed to the depredations of in- 
ſects: almoit every plant has numbers attached to it, and man 
ſuffer by ſeveral in ſucceſſion; while juſt ſprouting, being the 
favourite food of ſome ; when further advanced, of others; a 
when mature, of others. _ 

Vegetables, when decayed, compoſe that kind of earth or 
mould which of all earths is beſt adapted to nouriſh vegetable 
life, and indeed without which no fertility can be expected. 
Hence, if in a ſandy ſoil that plant which can ſupport ſuch a ſoil 
v2 cultivated, and left to rot, then another crop of the ſame ſuc- 
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ſt ceed, and be ploughed in, by degrees the ſandy ſoil will become 
Fs mixed with vegetable earth, and after a while will be capable of 

> nouriſhing whatever plants are committed to its boſom. A re- 
markable inftance of the formation of foil is in the garden of the 
Convent on Mount Sinai, where the fweepings of the ſtone- floor 
of the convent formed the firſt earth, which by the additional 
putrefaction of vegetables &c. uſed in "the convent, has at length 
formed a capital garden. 

Vegetation js no leſs ſtrong in the water than on land ; in the 
ocean than on the plains: nor is it confined to plants, but pro- 
duces large trees of ſolid wood. Of theſe we muſt expect to 
continue ignorant, except as accident diſcloſes them. Can thoſe 
which grow in perpetual darkneſs be-ftimulated by light? Do 
thoſe exhibit variations of irritability which dwell in a medium 
invariably cold and denſe, often perhaps ſtagnant and mo- 
tionlefs ? Theſe and other enquiries are at preſent beyond our 
information. 


FEE 
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2 
growth, and ſtructure, of vegetables; their numbers forbid ex- 


tending our diſquiſitions, and their properties are Various as 
their numbers. We thall hereafter offer a ſelection of the moſt 
remarkable, at preſent only obſerving, that though we are 
under great obligations to vegetables in general, yet that ſome 
are þcafonous, and in certain inftances fo ſtrong gly as to poiſon 
| the air around them. We have an extraordinary, but perhaps ex- 
4 aggerated relation of a great tree of this nature in Japan, to which 
4 only condemned criminals are tent to gather its gum: they ap- | 
proach the tiee to windward, yet few return to claim exemption 

| from farther puniſhment. Another, and a well-authenticated in- 
ſtance, is the manchincel tree, under whoſe branches ſhould an 

unwary traveller take refuge, the drops of rain falling from 

them, would at leaſt corrode and bliſter his Kin, if he eſca 2ped ſo. 

Our own yew has ſimilar, tho: uchvery greatly inferior, reputation. 

Nor fhould opium be forgotten, Which is yielded by the white 

poppy, cultivated for that purpoſe in the Eaſt: in ſmall quanti- 

ties this promotes 5 ſleep, in large quantities fatal fleep. By ha- 

| bit, the Eaſtern people can cat it in lumps, and drinking a glaſs 
| of cold water aſter it experience mere 15 intoxication; yet g gra- 


| . Thus we have endeavoured to illuſtrate the generation, 


* . 
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10 dually it thortens their days, produce s decrepitude, and under 
1 mines the natural powers. In short, he number of plants having 
Ti poiſonous qu talities is conl! dderable : and we are happy in this 


count y in having but a ſtnall proportion, and thoſe of no extra- 
ordinary VIEWERCC. 
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OB VEGETABLES, AND THEIR PARTS, 


V EGETABLES are diviſible into ſeven families or tribes 


1. Mug8HRo0Ms, Fungi. | | 

2. FLAGS, algæ; whoſe root, leaf, and ſtem are all one. 

3. MossEs, muſci; whoſe antheræ have no filaments, and 
are placed at a diſtance from the female flower, and whoſe ſeeds 
alſo want their proper tunic and cotyledons, 

4. FERNS, filices; whoſe. fructification is on the back of the 
( frondes) leaves. : | 

5. GRASSES, gramina; which have ſimple leaves, a jointed 
ſtem, a glumoſe calyx, and a ſingle feed, 

6. PALMs, palmæ; which have ſimple ſtems that are Frondoſe; 
or have their kind of leaves, and their fructifications, on a ſpadix 
iſſuing from a ſheath. | f | 

7. PLANTS, which includes all not comprifed in the other 
diviſions. Theſe are, 8 | 

Herbaceous, when they die down to the root every year ; for 
in the perennial kinds, the buds are all produced on the root 
below the ſurface of the ground. | 


LE 


Shrubs, when their ſtems come up without Buds. 

Trees, when their ſtems come up with Buds. 

Nature has put no limits between a tree and a ſhrub, which is 
only a vulgar diſtinction. This Linnæus acknowledges, and admits 
that his n diſtinction, though he thinks it the 5%, is nevertheleſs 
exceptionable z inaſmuch as there are ſeldom any buds upon large 
trees in India; which mult therefore by this definition, notwith- 
ſtanding their great height, be ranked with ſhrubs, But we are 
to remark that a tree is a perennial plant, which riſes to a great 
height, with a ſimple, woody, and durable ſtem, or trunk. By 
theſe characters are trees with great accuracy diſtinguiſhed from 
herbs whoſe ſtems are frequently compound, herbaceous, or 
ſucculent, and die don to the root every year. 

Part IV. No. 23. E Upon 
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Upon theſe obvious and ſtriking differences was founded th? 
very ancient diviſion of vegetables into herbs and trees; which ha* 
obtained a principal place in almoit every ſyſtem, except that o 
Linnæus, which mixes herbs and trees promiſcuoufly together. 
The diſtinction into trees and ſhrubs is neither fo obvious 
nor are its limits ſo accurately aſcertained. Of the numeroud 
characteriſtic differences which have been ſuggeſted by botanical 
writers, not one is perfectly ſatisfactory. 

Vegetables are diviſible into, 1. The Root. 2. The Herb 
or Plant itſelf. 3. The Fructification. 


n 


THE root, whoſe office is to attract and receive nouriſh- 
ment, and which alſo produces the herb, with its fructification, 
conſiſts of two parts, the Hoch or body; the rate or little root. 

In bulbous plants, as the tulip, onion, and lilly, what we igno- 
rantly call the root, is, in fact, a bulb, or hybernaculum, which 
encloſes and ſecures the embryo, or future ſhoot. 

At the lower part of this bulb, may be obſerved a fleſhy knob, 
or tubercle, from which proceeds a number of fibres, or threads. 
This knob, with the fibres a tached to, and hanging from it, is, 
properly ſpeaking, the true root: the upper part being only the 
cradle or nurſery of the ſtem, which after the bulb has repaired a 
certain number of times, periſhes; but not till it has produced 
at its ſides a number of ſmaller bulbs, or /zckers. 

Uniform and conſtant as nature is in all her productions, 
there are many perenmial roots, which become annual, when 
tranſplanted into cold climates, in the fame manner as the 
ſta'ks of herbaceous vegetables per iſh in autumn, while the root 
continues in full vizour: ſometimes even in ſuch circumſtances 
it will not only diveſt itſelf of its woody ſtem, and become herba- 
cecus, but be metamorphoſed, in every reſpect, into an annual 
plant, and loſe both its ſtem and rodt at the end of one year. Cul- ; 
ture, on the other hand, may prolong the life of annuals. Thus, = 
M. Duhamel mentions a root of barley, which put forth new 8 
talks after the old ones were cut down in harveſt, and produced 
a ſpike of flowers the following year. | 7 

Tu BoDY, cardcx, of the root both aſcends and deſcends. 1 

The aſcending body rites gradually above ground, often as a 
trunk, and produces the herb or plant. 

The deſcending body ſtrikes gradually downward into the 
ground, and puts forth roots or radicles. It has been diſtin- 
guiſned, according to its ſtructure, as 

Peryendicular, when it runs directly downwards. 
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Horizontal, when it extends itſelf tranſverſely under the earth · 

Simple, when it has no ſubdiviſions. 

Branching, ramoſe; when it is divided into lateral branches. 

Spindle-ſhaped, Fiſiform; when it is oblong, thick, and taper- 
ing, as in the carrot and parſaip. | 

Creeping, repent; when it ſtretches to a diſtance horizontally, 

and puts forth radicles from ſpace to ſpace. | 

Bitten off, premorſe; when the lower part ends ſuddenly, as in 
feabinus and valerian. 

The RADICLE, radicula; is the fibfous part of the root, 
which terminates the deſcending body, and enables the root to 
draw nouriſhment for the ſuppor t of the vegetable. 

The tuberous or knobbed roots, zre fleihy, ſolid, hard, com- 
monly thicker than the baſe of the ſtem, and compoſed either of 
one knob, as in radiſh, turnip, or carrot ; or of many collected 

into a bunch, as in pœony, ſun-flower, and drop-wort: in the 
1: {t of which plants, ſ-veral ſma'l roundiſh bodies hang, or are 
f. ſtened together by a number of ſlender ſtrings, or filaments. 

In tuberous roots, the radicles or ſmall ſtringy roots are gene- 
rally diſperſed over the whole ſurface: in which reſpect they 
differ eſſentially from bulbous roots, in which the radicles are 
confined to the bottom of the bulb; that part only being the true 
and genuine root; the bulb itſelf ſerving as a large bud under 
ground, for incloſing aud protecting the embryo plant. 

Fibrous roots are flenderer than the baſe of the trunk, and are 
either divided by equal branches, as in the greater number of 
trees, in which likewiſe the ſubſtance is woody; or conſiſt of a 
number of ſingle fibres, like hairs, which proceed from the ſmall 
knot, or baſe of the ſtem; as in many graſſes: this is termed 
radix capilacea. | | 

The radicle is, in fact, the principal and eſſential part of every 
root, and is thcref5re never wanting, not even in thoſe plants 
improperly ſtyled imperfect: for the moſſes, lichens, and ſub- 
marine plants diſcover a remarkable analogy in the lamellæ and 
ſtriæ by wtic1 they adhere to the bodies piaced under them, to 

the radicles, or ſtringy fibres, which are preſent in other plants. 
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Is to be conſidered in reſpect to the aſcending and de- 
ſcending body and radicles. Roots are farther diſtinguiſhed into, 
1 hole conſiſting of a BULB, bulboſe; and theſe are either, 
Scaly, ſcuamoſe; as in the lilly 
Coated, tunicate; as in the non. 
Double, duplicate; as in fritil/ary. 
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Solid, as in tulip. 
Knobbed, tuberoſe; and theſe are either; 
Handed, palmate; as in orchis. 
Bundled „ faſeiculate ; as in peny ; or, 
Hanging, pendulous; as in wild olive. 
Jointed, articulate ; as lathyræa, wood ſorrel; and torthwort. 


rr E HE 

The HERB is a part of the vegetable ariſing from the root, 
and terminated by the fr uctification. It comprehends, 

1. The TRUNK which ſerves to multiply the herb, and leads 
immediately from the root to the fructification. 

2. The LEAVEs, whoſe office is to tranſpire and attract like 
the lungs in animals, and to afford ſhade. 

The PRoPs, fulcra; which ſerve as holdings to ſtrengthen 
the plant; but may be taken off without deſtroying it. 

The WINTERINGS, 7. e. the bulbs and buds; each of which 
is a compendium of the herb upon its root before it begins to 
grow. 


DF THE TRUME; 


The TRUNK is that which produces the leaves and fructifi- 


cation: its kinds are reduced to ſeven : 


A STEM, caulis, is the proper trunk of the herb, and elevates 
the leaves and fructification: it is either / imple or compound. 
SIMPLE {tems are ſuch as proceed in a continued ſeries to- 


, wards their ſummits : And theſe may be, 


ENTIRE, zutegri; or, 
BRANS CH, vamoſe. 
ENTIRE; when they have ſcarce any branches. "Theſe may be, 
Naked, hen deſtitute of leaves. 
£ eafy, when furniſhed with leaves, 
Bending diſterent ways, i. e. at every joint. 
Tewining, when they aſcend ſpirally by the branch of ſome 
O! rer plaut. Theſe wind either to the left, or to the right. 
/ eclined, when they bend towards the earth, 
Lying on the ground, when horizontal. 
Cre ping, when lying, on the ground, they put forth roots at 
certain  ihedrvats: 
Having long ſhoots, when creeping and almoſt naked, 
Parafine, when they grow on ſome other plant. 
D: uble-cAged, when they have two- oppoſite angles; and alfo 
having tog, three, four, five, or many angles. 
Three are, allo when they have three, four, , ve or many 
ſides or angles. 
' Kound. 
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Fur rotbed, i. e. with broad deep grooves. 

Streaked, i. e. with very thin hollow lines. 

Smooth, or ſhaggy, having a down of ſoft hairs upon them. 

Rough, when covered with little projecting points. 

Briſtly, hen covered with {tiff hair. 

BRANCHY, i. e. having lateral branches: and theſe are, 

Aſcending, ſpreading in two rows. 

Having arms; when each pair is croſſed by the pair next above 
or below it. | 

Very branchy. 5 

Propt, when the branches deſcend to the root. 


Proliferous, when they ſend forth branches only from the cen- 
tre of the apex. 


The reſt as in entire ſtems. | 
ComeounD ſtems are ſubdivided into ſmall branches, and 
diminiſh as they aſcend. Theſe are either, 
Forked, always into two parts | 
Subdivided, when divided into branches irregularly, or without 
order ; or, | 
_ Fainted, when they are diſtinguiſhed from ſpace to ſpace by 
knots or joints. | | | | 
A STRAW, culmus, is the proper {tem of a graſs, elevating 
the leaves and fructification : It admits of moſt of the diſtinc- 
tions already given for a ſtem ; beſides which it may be either, 
Without knots ; when it is continuous, and not intercepted by 


| Joints. 


Fointed, when it is connected by various joints. 
Scaly, when it is covered with imbrieate ſcales. 


A STALK, ſcapus; is an univerſal trunk, railing the fructiſi- 
cation but not the leaves; as in Narciſſus. 


A FooT-STALK, peduncle; of a flower, is a partial trunk, 


raiſing the fructification but not the leaves. » 


Pedicellus, is a partial peduncle. 

The determination of peduncles reſpects place and manner. 

Determination reſpecting place ſhows where the baſe of the 
peduncle is inſerted into the plant. | | 

Peduncles belong either to the Roo r, to the STEM, or to the 
BRANCHES zor they terminate the branches or ſtem. Alſo they are, 

Axilary, coming out from the wings, between the leaf and the 
ſtem, or between the branch and the ſtem. 

Solitary, when there comes but one from the ſame place. 

Scattered, when they are numerous, and without order. 

Determination in reſpect to manner, ſhows how the flowers 
are borne and connected on the ſummits of the peduncles : and 
in this reſpect, bear one, tebs, three, or many flowers, according to 
he fructifications on a ſingle peduncle. | 
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A BUNCH, is a collection of flowers that are erect, parallel, 
and cloſe. | 
A LITTLE HEAD, is a number of flowers collected almoſt 

into a globular form. 

A $PIKF, has ſeflile lowers alternate and difperſed about a 
common peduncle that is ſimple. It called a /rrgle-rowed ſpike, 
when the flowers are turned ohe way: and a double-rowed ſpike, 
when the flowers ſtand two ways. 

A CORYMBUS, is a kind of ſpike, the lowers of which have 

each its proper little fortftaik, raiſed to a proportional height. 

A PANICLE, is a fructification diſperſed on peduncles vari- 
oully ſubdivided. It is a 2 2 panicle, when the little foot- 
ſtalks ſpread afunder ; a confined panicle when they ſtand cloſe. 
together. 

A THYRSUS, is a panicle contracted into an ovate form, 

A RACEMUS, conſiſts of a peduncle that has ſhort lateral 
branches; as in currants. 

A WGAHORL, verticillus, expreſſes a number of flowers that 
have very Tort footitalks, and are produced in rings round the 
tems. 

A FOOT-STALK OF A LEAF, faſtens the leaves, but not the 
flowers; which diſtinguiſhes it from a peduncle, which is the 
foot-ſtalk faſtening a fower, not the leaves. 


MP LE LE AY KS 


LEAVES are 1. S:mple, 2. Compound. 3. Determinate. 

81 ph leaves have only a {ngle leaf on a foot-ſtalk, 
They differ in reſpect to circumſcription or en rm, angles, 
ſinus, apices or 5 . margin, ſuper -ficios, an JuCjiancee 

CIRCUMSCRIPTION mn rs the form of the circumference. 
In which reſpe ect, res are, 

Round, cbicnlate; when the circum! renge is circular. 

Raundiſh, 0 . when the figure approaches a circle. 

E gg-ſhaped, ate; when the longer diameter exceeds the 
tranſverſe; and the baſe forms the ſegment of a circle, the point 
being narrower. 

Oval or — when the longer diameter exceeds the tranſ- 
veiſe, and the form of both the upper and lower e is 
narrower than the ſegment of a circle. 

Perabalic, when tae longer diameter excecds the tante erſe, 
and the form contracting from the baſe upwards becomes half 
eag-[53; Pet. : 

Spal ate, reſembling a ſpatula ; when the form is roundiſh, 

but jengihcacd out by a narrower linear baſe, 


Wedge-ſhaped, 
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Wedge-ſhaped, cu iform ; when the longer diameter exceed 
the tranſverſe, and the form gradually contracts downwards. 

Oblong, when the longer diameter is twice, thrice, &c. the 
length of the traniveriſe, and the form of the extremities is nar- 
rower than the ſegment of a circle, 

ANCLE> are the prominent parts of an horizontal leaf. In 
reſpect to theſe, a leaf is, 


Spenr-headed, Lanceolate ; when the form is oblong, narrow- 
ing gradually at each end towards the extremity. 


— 


Linear; when of the fame breadth throughout, though ſome- 
times nzrrowing at the extremities only. 

Chaffy, acereſe; when it is linear and perſiſting ; as in prnes, 
and juniper, 

Awl-ihaped, ſubulate ; when linear below, but gradually con- 
tracting towards the top. 

T hree-cornered, triangular ; when formed by three prominent 
angles. | | 

Four-cornered, five-cornered, &c. guadrangular, quinquan- 
gular, Sc. when formed by four or five prominent angles. 

Shaped like a Delta, delteid; when the figure having four 
angles, of which the two lateral ones are nearer the cen 
thoſe at the extremities” _ 

Round, rotund; when without angles. | 

A HorL w. ſinus; is a term uſed to expreſs thoſe openings 
or cavities in leaves which diſtinguiſh them into parts: In re- 
{pet to theſe, Leaves are ſaid to be, | 
_ Kidney-{haped, reniformz when they are roundiſh, and hol.- 
lowed at the baſe. 


Heart-ſhaped, cordiform; when ovate, and hollowed at the 
baſe, and the hinder and lower parts have no angles. 

Moon-ſhaped, lunulate; when round, and hollowed at the 
baſe, and have no angles at the lower part. 


Javelin-ſhaped, ha/tate ; when triangular, the baſe and ſides 


hollowed, the angles ſpreading. 


Pandure- ſhaped, pandureform ; when oblong, broader above 
than below, and contracted in the fides. | 
Cloven, ; when divided by linear finuſſ:s, having their 
margins . ſtraight; from the number of ſuch diviſions they are 
called bifid, trifid, guadrifid, multifid, &c. cut into two, three, four, 
five, or many legments. 
| Lobed, /obate; when divided to the middle into parts that 
ſand wide from each other, and have their margins convex, 
from the number of theſe they are called b:/be, trilbbe, quadrilobe, 
or guinguelobe ; conſiſt ing of two, three, four, or five lobes. 
Handed, palmate: when cut longitudinally into many parts 
nearly equal; the diviſions extending themſelves downward, al- 


moſt 


ter than 
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moſt to the baſe where the ſegments cohere : ſomewhat as fin- 
gers do to the hand. 

Cut into wings, pinatifid ; when divided tranſverſely into la- 
ciniæ, long and ho: 1zontal. 

Lyre-{haped, hyrate; when divided tranſverſely into lacinie, 
of which the upper ones are larger, and the lower ones farther 
aſun der. | 

Jagged, lacinate; when variouſly divided into parts indeter- 
minately ſubdivided. 

Hollowed, /inuate ; with broad and ſpreading openings in the 
fides. 

Divided, partite; when ſeparated down to the baſe. From the 
number of the diviſions they are bipartite, tripariite, quadripar- 
tite, quinquepartite, or multipartite . divided into two, three, four, 
five, or many parts. 

Entire, integra; when without diviſions, nd having no ſinus 
or opening. This ſtands oppoſed to all the kinds of the divided 
leaves before deſcribed. 

Ir or poi N, apex; the extremity in which the leaf termi- 
nates. Leaves, in reſpect to their apic:s.or points, are called, 

Lopped, truncate; when they end in a tranſverſe line. 

Bitten in the fore part, premor ſe ; ; when very obtuſe, and termi- 
nated by unequal notches or inciſions. 

Blunted, re tuſe; when they terminate in an obtuſe ſinus, 

Nicked, when they terminate in a notch. = 

Blunt, cbtaje when they terminate as it were within a ſeg- 
ment of a circle. 

Sharp, acute ; when they terminate in an acute angle. 

Pointed, acuminate; when they terminate ſharp. 

Claſpered, cirrboſe; when they terminate in a Claſper or 
tendril. 

I be ManGin of a leaf is the boundary of its ſides, exclu- 
five of its diſk. Leaves, in reſpect to their margin are, 

'Thorny or prickly, f inoſe; when the margin of the leaf ends in 
fir m points. 

Unarmed or ſmooth, inen; which is oppoſed to thorny. 

5 oothed or indented, dentate; when the margin ends in hori- 
zontal points, of the coniifienc? of the leaf. 

Saw-like, ſerrate; when the margin is cut into ſharp angles, 
pointing towards the extremity of the leaf: If they point to- 
wards the baſe, the leaf is ſaid to be faw-like backwards, retror- 
2211 ferrate . | | 

Doubiy ſaw-like, duplicatosſerrate; when there is a two-fold 
{-rrature, the leſs upon the greater. | 

Notcaed, crenatez When the margin is cut into o angles, that 
point towar Js neither of the extremities: theſe are obtuſely cre- 

| | | nate 
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nate or notched, when the angles are rounded: or acutely 
notched or crenate, When the an dr are pointed. * 

Doubly notched, a vexats; ; When the notches are two- 
fold, the leſs upon the greater. 

Bending back again, repand; when the margin is terminated 
with angles and interjacent hollows, that form a ſerpentine edge. 

Griſtly, cartilaginous; when the edge of the leaf is Co eg” 
ened by a border tougher 'than the A of the leaf. 

Fringed as eye-laſhes, ciliate; when the margin is ſurrounted 
with briſtles. 

Rent or torn, lacerate; when the margin is cut into unlike 
tegments,, : 

Gnawed, eroſe; when the leaf is ſnuate, and bas very ſmall 
obtuſe: hollows on its margin. 

Very entire, integerrima; the margin quite fie From notches. 

SURFACE, ſuper fictes, is the outſide of the diſk" of the leaf; 
and reſpects both the face of the leaf or ſupine diſk, and the back 
of it, ox prone diſk. Leaves in reſpect to their ſurkace, are, 

Clammy, viſcid; ſmeated over with a tenacious, ſticky juice. 

Downy, tomenteſs ; covered with a nap of interwoven hairs. 

Woolly, lanate; covered as with a ſpider's web. 

Hairy, pile; when covered with diſtinct hairs of ſome length. 

Rough with hair, hirſute ; hairy in a great degree. 

Shaggy, villoſe; covered with a coarſer hair or ſhag. 

Rough, 0 pid z covered. with a ſtiffiſh fort of briſtles that | 
break — 
| 2 ſcabrous; covered with little knobs. 

Prickly, aculeate ; „hen beſet with ſharp and ſtiff points. 

Streaked, ſtriate; ſcored longitudinally with parallel lines. 

Nipply, pappillaſe; covered with veſicles, little bladders. 

Dotted, pundtate ; beſprinkled with hollow points or dots. 
1 Bright, nitid; the ſmoothneſs of the leaves cauſing _ to 
line. 

Plaited, 8 ; when the diſk of the leaf riſes and falls in an- 
les towards the margin. 7 

Waved, undulate; when the diſk of the leaf riſes and falls 1 in 
convexities towards the margin. 

Curled, criſpe. All curled leaves are monſters or diſeaſes. 

W rinkled; rugoſe ; ; when the ſubſtance between the veins of 
the leaves is obliged to riſe. | 

Holow, concave ; when the difk is depreſſed. 

Veiny, wengſe ; the veſſels branch all over the leaves, and their 
10:ings appear to the naked eye. 

Nerwgſe ; having ſimple unbranched veſſels extending them= 
ielves from ms baſe to the apex. 
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Coloured; changing their green for ſome other colour; as in 
amaranthus tricolor (three coloured). 8 


Smooth, glabra; void of inequality. 

The $8UBSTANCE of a leaf reſpects the conditions of its ſides: 
In this reſpect leaves, are, | 5 
Round like a pillar, teretes ; for the molt part cylindrical. 

Like a halved cylinder, ſemz-cylindric ; round on one fide and 
flat on the other. | 
Like a Tube or Pipe, tubuloſe; hollow within, 

Fleſhy or ſucculent, carnoſe; filled with a pulp. 

Compreſſed, flatted; when the ſubſtance of the leaf becomes 
greater than the diſk, | | | 
Level, plane; when both ſurfaces are every where parallel, 

Bunched, gibbous; when both ſurfaces are convex, 

Convex, rounding ; when the diſk riſes higher than the ſides. 
Preſſed down, depreſt; when the fides riſe higher than the 
diſk. 

Channelled, canaliculate; when a deep furrow runs along it. 

Double-faced, ancipites; when the diſk is convex, and there 
are two prominent longitudinal angles. 

Sword-ſhaped, enſform; when double-faced and growing 
narrower from the baſe to the apex. 

Falchion-ſhaped, acinaciform; when fleſhy and compreſſed 
with one edge convex and narrow, the other ſtraighter and 
broader. | | 5 

Hatchet-ſhaped, dolabriform; when roundiſh, compreſſed and 
obtuſe, gibbous outwardly, with a ſharp edge, and taper coward 
the lower part. | 

Tongue-ſhaped, linguiform; when linear, fleſhy, obtuſe, con- 
vex underneath; often with a cartilaginous margin. 

'Three-cornered, triguetrous; with three flat longitudinal ſides. 

Furrowed, ſulcate; when ſcored longitudinally with numerous 
ridges. | - | 

Kecled, carinate; when the prone part of the diſk is promi- 
nent longitudinally. | 1 85 
Membranacedus; when they have no perceptible pulp be- 
tween the two ſurfaces. 


OF COMPOUND LEAVES, 


ALEAF 3s ſaid to be compouNnD, when there are more than 
one on a foot- ſtalk. | ö 
_ ComPovND leaves are to be conſidered in reſpect to ſcructure 
and degree. 
By the 5TRUCTURE of a compound leaf is underſtood — in- 
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ſertion of the leſſer leaves or folioles, of which it 1s compounded; 
in this reſpect leaves are called, ; 

Compound ; when a ſingle footſtalk furniſhes more than one 
leaf, 

Jointed, articulate ; when 6ne leaf zrows from the top of 
another, 

Fingered, digitate; when the apex of a ſingle footſtalk connects 
many leſſer leaves, theſe are termed binate, ternate, or quintate, 1. e. 
rowing two, three, or five, together. 

1 inged, pinnate; when the ſides of a ſingle foot- talk connect 
many ſmall leaves. 

[inged with an odd one; when terminated by an odd leaf. 

A pinnate-or claſped leaf, cirrhofe ; when it terminates in a 
claſper. 


An abrupt pinnate leaf; when terminated neither by a ſmall 
leaf nor a claſper. 

Winged oppoſitely ; when the upper leaves ſtand oppoſite to 
each other. 

Winged alternately; when the leſſer leaves ſtand 1 

Winged interruptedly; when the leſſer leaves are alternately 
leſs. 


Winged articulately ; when the foot-ſtalk common to all the 
lefler leaves is Jointed: 


Winged decurſively; when the leſſer leaves extend themſelves 
downwards along the foot-ſtalk. 

Conjugate; when the winged leaf conſiſts of two leſſer leaves 
only. 

DEGREE, i in a compound leaf, reſpects the ſubdiviſion of the 
common petiole or foot-ſtalk. In reſpect to this, leaves are, 

Decompound ; when a foot- ſtalk once divided connects many 
leſſer leaves. 

Higeminate; when a divided and forked foot-ſtalk connects 
four ſmaller leaves on its points. 

Biternate or duplicato-ternate; when there are three ſmall 
leaves on a foot-ſtalk, and each ſmall leaf is ternate. 

Bripinnate, or doubly winged; when the ſmaller leaves of a 
winged leaf are alſo winged. 

Foot-ſhaped, pedate or branching; when a bifid foot-ſtalk con- 
nects many ſmall leaves on its inſide only. 

S1þ1.2-decompourd ; when many ſmall leaves are borne on 2 
footſtalk, that has been any number of times ſubdivided. 

Triply triple, triternate ; when a foot-ſtalk bears three leſſer 
leaves, each of them triple. 


Tripiy winged, tripinnate; when a foot-ſtalk beats many 
teller leaves each of which are double winged. 
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margin of the baſe. 


ox DETERMINATE LEAVES. 


THE DETERMINAT ION of leaves is underſtood of their 
character, as ariſing from their place, ſituation, inſertion, or di- 
rection. LP 

By the place of a leaf is meant the part where it is faſtened 
to the plant. In reſpect to which leaves are called, 

_ Seed-leaves, ſeminal; which are the firſt that appear, 
Root- leaves, radical; proceeding from the root. 

Stem- leaves, cauline; growing on the ſtem. 

Branch-leaves, rameous; growing on the branches. 

Arxillary; placed at the coming out of the branches. 

Flower-leaves, floral; placed at the coming out of the flower. 

SITUATION ſignifies the diſpoſition of the leaves on the ſtem 
of the plant, In reſpect to which, leaves are called, 

Starry, /teilate; or whorled, verticilate; when the ſtalk is 


ſurrounded in whorles by more than two leaves; and theſe re- 


ceive the denomination of tern, quatern, guine ; three, four, or 
Foe, Sc. according to the number of leaves of which the ſtar or 
whorl is compoſed, 

Oppeſite ; when the cauline or ſtem-leaves come out in pairs 
facing each other, and each pair is croſſed by the next, ſo that 
they point four different ways. | 

Alternate; when they come out ſingly ; and fo follow. 

8 ſbarced; when they come out in plenty, without 
Order. | | 


 » Crowded, confert; when they almoſt cover the branches, and 


leave hardly any ſpace between them, 
Imbricate; when they are crowded and erect, each covering a 
part of the following one, like tiles on a roof. | 
Bundled, faſciculate; when many come out from the ſame 
point. 


=» Diftich, in two rows; when the leaves reſpect two ſides 


of the branches only. 5 
In reſpect to their INSERTION (which is uſually at the baſe) 
leaves are called, | | 
Buckler-like, peltate; when the foot-ſtalk is inſerted into the 
diſk of the leaf, not into its baſe or margin. 5 

Petiolate; when the foot-italk is faſtened to the leaf at the 

Squat, ſeſile; when the leaf has no foot-ſtalk, but is faſten- 

ed immediately to the ſtem. 

Running down, decurrent; when the baſe of a ſeſſile leaf ex- 
tends itſelf downwards along the ſtem beyond the proper baſe or 
termination of the leaf. | 
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1 the ſtalk, amplexicaul; when the baſe of the leaf 
embraces the ſides of the ſtem croſſwiſe on both ſides ; or, 
ſemi-amplexicaul, half embracing the Halb; which is the ſame in 
a leſs degree. 

Centre: ſtemmed, perfoliate; when the baſe of the leaf is cone 
tinued ſo as to embrace the item all round. 


Growing together, connate; when two oppoſite leaves join, 


and are united. ; in one. 


LVaginant, when the baſe of the leaf forms a vagina, or ſheath, 
for the branch. 


In reſpect to their DIRECTION, leaves are called, 


Adverſe; when their ſides are not turned towards heaven, but | 


towards tne ſouth. 
Oblique; when the baſe of the leaf looks towards heaven, 
and the apex or tip towards the horizon. 


Bending inwards, 2nflex ; when the leaf is bended upward 


toward the ſtem. 
Adpreft; when the diſk. of the leaf lies cloſe to the ſtem. 
Erect; when they form a ſmall angle with the ſtem. 


Spreading, patent when they make an acute angle with the 


ftem. 

Horixontal; when they ſtand at right angles with the ſtem. 

Reclined, or, reflex; when bowed downwards, ſo that the 
apex or tip is lower than the baſe, 

Rowled back, revolute ; when rowled downwards. 

Hanging down, dependent; pointing to the ground, 

Rooting, radicant; when the leaves ftrike root, 

Floating, natant; on the ſurface of the water. 

Sunk, demerſe; beneath the ſurface of the water. 
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Or Tux FULCRA or PLanTs. 


A PROP, fulcrum; is a term uſed to expreſs thoſe ſmall 
parts of plants, of which the chief ufe is to ſupport en. 

Fulcra are of ſeven kinds; 

I. A SCALE or SMALL LEAF, ſtipula, ſtationed on 9200 ſide 
the baſe of the foot-ſtalks, when they firſt appear. | 

2. A FLORAL LEAF, brattea, fo called when it differs in 
ſhape and colour from the reſt. 

3. A THORN, ſpina, a ſharp womens protruded from the 


| wood of the plant. 


4. A PRICKLE, aculeus; a weapon of the ſame ſort, pro- 
ceeding from the bark of the plant —_ 
bo 1 CLASPER, Or TENDRIL, cirrbus; a thread-like ſpiral 


| band, by which a plant clings to any other body. 


6. A LITTLE GLAND, glandula; a kind of teat, ferving for 
the excretion of ſome humour: its ſituation is commonly on 


the foot-ſtalls, the ſerratures of the leaves, or the tender ſtipulæ. 


. A HAIR, pilus; is a fort of briſtle, ſerving as an excretory 
dułt to the plants. 

Claſpers, ſays the ingenious Dr. Grew, are not like trunk- 
roots, a mean betwixt a root and a trunk, but a compound of 
both, as may be gathered from their circumvolutions, | in which 
they mutually aſcend and deſcend. 

In the mounting of the trunk, continues the fame author, 
claſpers ſerve for ſupport. Thus in vines, the branches, being 
very long, fragile and ſlender, would be liable to frequent break- 
ing, unleſs, by means of their claſpers, they were mutually 
contained together; ſo that the whole is divided betwixt the 
gardener and Nature: the former, with his ligaments of leather, 
ſecures the main branches; and Nature, with thoſe of her own 


providing, ſecures the leſs. T heir aptitude to this end is ſeen 


in their convolutions, a motion not proper to any other part: 
and alio in their toughneſs, which is ſo much the more remark- 
able, as they are more flender than the branches from which 
they proceed. 

In the trailing of the trunk, tendrils an for ſtabiliment and 
Wadde. Thus in cucumbers, the trunk and branches being 


long and fragile, would be driven to and fro by the winds, 


to the great prejudice both of themſelves and their tender 
fruits, were they not by theſe ligaments held faſt together, 
and preſerved in good affociation and fellowſhip. The ſame 
claſpers ſerve likewiſe for ſhade: fo that a natural arbour is 


formed by the branches of the cucumber, in the {ame manner 
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as an artificial one is made by tangling together the twigs of 
trees; for the branches, by the linking of their claſpers, being 
couched together, the tender fruits lie under the umbrage of a 
bower made of their own leaves. 


Moſt of the pea-bloom flowers have twining claſpers, that is, 
which wind to the right and back again. 


Or TE HYBERNACULA or PLANTS. 


THz WINTER-LODGE, or hybernaculum, is that part of a 
plant which incloſes and protects the future ſhoot from injuries. 
It is of two kinds, a bulb, bulbus ; and a bud, gemma. 

A BULB, is an hybernacle, placed on the root; it is 

Sguamoſe, when it conſiſts of thin plates or ſcales. 

Solid, when it conſiſts of a ſolid ſubſtance. 

Tunicate, when it conſiſts of many tunics or coats. 


Articulate or jointed, when it conſiſts of plates linked to- 
gether. | 
A BUD, gemma, is an bybernacle placed on the ſtem And 
branches: it conſiſts either of ſtipulz, of foot-ſtalks, of the 
rudiments of Jeaves, or of ſcales of the bark. 
Buds are of various kinds. In the generality of plants, they 
produce both leaves and flowers; but in ſome, they bear leaves 
only; others bear leaves and flowers diſtinctly. 
VN. B. Several plants have no buds. 


In cold countries, there are few plants withoyt buds ; in hot 
countries, few have any. 


THE 
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Or TEE SEVEN PARTS or FRUCTIFICATION. 


-plants; which cannot well be ſeparated : For though -the 
fruit does not ſwell and ripen till after the flower is fallen, its 


rudliment, or beginning, is in the flower, of wal it properly 


makes a part. 

1. The FLOWER=CUP, or calyx, 

2. The LEAVES OF THE FLOWER, corolla. 

3. The THREADS, /tamina, vulgarly called the CHIVES, 

4. The FOINTAL, or STYLE, piſtillum. 5 

5. The skED-VEss EL, pericarpium. 

6. The sEEDs, ſemina. 

7. The RECEPTAcTLE, or baſe, on which the fruCtification 
is ſeated. 

The Flower- cup, flower- leaves, and ſtyle, are properly 
parts of the flower ; the ſeed-veſſel, ſeed, and * are 
parts of the fruit. 

The SAL xx is the termination of the outer BARK {cortex ) 
of the plant; which, after accompanying the trunk or ſtem 


through the branches, breaks out with the flower, in this new 


form. Its chief uſe is to incloſe and protect the other parts. 
It has different appellations, according to circumſtances; as, 

i. AFLOWER- cup, perianthium, when cloſe to the fructifica- 
tion. If it include the ſtamina, and not the germen, it is the 
perianthtum of the florꝛber; if it include the germen, but not 
the ſtamina, it is the perianthium of the fruit; if it include both, 
it is the perianthium of the fructiſication. 

2. A COVER, involucrum, when ſtationed at the foot of an 
umbel, diſtant from the flower; it is an univerſal involucrum, 
or COYER, if under the univerſal umbel; or a partial covER, 
if under a partial umbel. 

3. A CATKIN, amentum, when it proceeds from one com- 
mon receptacle ; reſembling the chaff of an car of corn. 4 
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4. A SHEATH, /patha, when it burſts lengthways, and puts 
forth what has been incloſed (/padix). 25 

5. A HUSK, glume, in graſſes, which it incloſes with its. 
valves; the BEARD iſſuing from the glume is called an ariſta. 

6. A VEIL, cahyptra, in moſſes, where it is placed over the 
tops of the ſtamina (antheræ and is hooded like a monks 
cowl. | 

7. VoLvA, from its :nvolving, or enfolding, in the muſhroom 
tribe, or fungi, where it is membranaceous, and rent on all 
ſides. | | | 

It is ſometimes difficult to diſtinguiſh a calyx from the 
floral leaf (braftea) ; but they may be diſtinguiſhed by this: 
a calyx always withers when the fruit is ripe, if not before; but 
the bractea remain longer. In many flowers the calyx is de- 
ciduous, dropping off when the flower begins to expand. 

The CoOROULA is the termination of the INNER BARK 
{(liber) ; accompanying the fructification in the new form of 
painted leaves, ſerving as an inner work of defence, for the 
parts it incloſes. 

The LEAVES of which the corolla confiſts, are called petals ; 
by which appellation they are conveniently diſtinguiſhed from 
the great leaves of the plant, with which they might elſe b 
confounded, | | 

If the Corolla be „ | 

OF oNE PETAL {monopetalous) it conſiſts of two parts, viz. 
the tube, or lower part, uſually tube-ſhaped ; and the limb, or 

upper part, which ſpreads wider. I he limb, according to its 

gure, is either, I. BELL-SHAPED {campanulate); 2. FUNNEL= 
SHAPED / infundibull rin i. e conical, and ſtanding on a tube; 
3. $ALVER-SHAPED (hypacrateriform) 1. e. plain or flat, and 
ſtanding on a tube; 4. WHEEL-SHAPED AND FLAT (rotato- 
plane) without a tube; or, 5- GAPING (7ingent) i. e. irregular 
and with two lips. 

But if the Corolla be 

Or MANY PETALS (polypetalous) each petal conſiſts of a 
CLAW (ung:s) i. e. the lower part faſtened to the baſe, and a THIN 
PLATE (lamina) i. e. the upper part uſually ſpreading. A many» 
petalled corolla is CR 058-SHAPED {cruciform) when compoſed of 
tour petals, equal and ſpreading z or BUTTERFLY-SHAPED (pa- 

pilionaccous when irregular, compoſed of four petals, of which 
the under one reſembles the keel of a ſhip, the upper one riſes, 
and the two ſide ones ſtand fingle. 

To the corolla alfo belongs a part called the nefarimm, which 
bears the honey; and belongs to the flower only. In ſome 
plants it is very large; in others it is ſcarcely diſcoverable, even 
with glaſſes. In ſome plants it is united with, and makes part of 
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the petals ; in others it is detached from them. Its ſhape and 
ſituation alſo are various. $24 

Between the calyx and corolla nature has put no abſolute 
limits; but they may be commonly diſtinguiſhed by their poſi- 
tion in reſpect of the ſtamina, the petals and ſtamina being 
ranged alternately ; whereas the ſegments of the calyx and the 
ſtamina correſpond: with-each other. | 

The calyx, as procecding from the cortex of the plant, is 
coarſer and thicker than the corolla, which is produced by the 
ſoit, pliant, coloured inner bark. | | 


OF THE STAMINA. 


A 5$TAMEN is the male part of a flower, deſigned for the 
preparation of the pollen. | 

Each famen conſiſts of two parts: 

1. The FILAMENT /filamentum) or. thread; at the bottom 
connected with the flower ; at the top ſupporting the anthera or 
ſummit. 

2. The SUMMIT itſelf /ant-era) ;- which incloſes the pollen, 
and diſcharges it when mature. 

The MEAL (pollen) contained within the anthera, is a fine 
powder ſecreted therein, deſtined for the impregnation of the 
germen. | 

Such flowers as want the ſtamen are called female; ſuch as have 
the ſtamen but want the piſtil, are called nale; ſuch as have both 


are called hermaphrodite, and ſuch as have neither are called 
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{ E PISTILEUM IF 
| THE PIsSTILLUM is an entrail of the plant, deſigned for the 

reception of the pollen, conſiſting of three parts: i 

1. The GERMEN ; uſually at bottom, being the rudiment of I 

the fruit accompanying the flower. | : 

2. The STYLE; in the middle, which elevates the ſtigma b 

from the germen. i, ; 

The STIGMA; at the top, covered with moiſture, for the ; 

breaking and detention of the poilen, | | J 

The pollen, we ſaid, was deſtined to the impregnation of the : 

[ germen, which is thus performed: the antheræ, which at the ; 
opening of the flower are whole, ſoon afterward burſt open, and 


diſcharge the pollen, which is thereby ſcattered about the flower 
and lodging on the ſurface of the ſtigma, is there detained by the 
moiſture belonging to that part: the grains of the pollen burſt- 
ing and diſſolving in this moiſture (as has been obſerved by 
the microſcope) are ſuppoſed to diſcharge a ſomething that im- 

| pregnates 
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pregnates. the germen below. After this impregnation, the 


germen (wells to a fruit, big with ſ-eds, by which the ſpecies is 
continued. 


OF THE PERICARPIUM. 


The SEED-VESSEL (pericarpium) is the germen grown to ma- 
turity : big with ſeeds, which it diſcharges when ripe. 
It is diſtinguiſh-d, according to circumſtances; as, 


A CAPSULE, capſula; a hollow pericarpium, divided in ſome 


determinate manner. - The incloſure of the capſule, which co- 


vers the fruit externally, is called a valvule; the partitions, 


which divide the capſule into compartments or cells, are called 
diſſepiments; the ſubſtance which paſſes through the capſule, and 
connects the ſeveral partitions and ſeeds, is called columella ; and 


the cells, or compartments of the capſule, in which the ſeeds are 


lodged, arec alled loculaments. 
A cop, filiqua ; a pericarpium of two valves; in which the 


ſeeds are faſtened along b the joinings of the valves. 


A Pop, legumen; allo, a pericarpium of two valves; in which 
the ſeeds are faſtened along one fide only. | 3 

A CONCEPTACLE, conceptaculum; a pericarpium of a ſingle 
valve, opening on one fide, lengthways; the ſeeds not faſtened to it. 

A FLESHY or PULPY PERICARPIUM, Without valve, drupa; 
containing a one. 

A FLESHY or PULPY PERICARPIUM, without valve, pomum 3 
containing a capſule. | 

A BERRY, bacca, a fleſhy or pulpy pericarpium, without 
valve, the ſeeds within which have no other covering. 

Strobilus, a pericarpium formed of an amentum or catkin. 


OF Cl 


THE sEeD is the rudiment of a new vegetable. Its diſtine- 
tions are, | 5 

A SEED, properly ſo called, furniſhed with ſap, and covered 
with a bladdery coat or tunic. It conſiſts of, 1. corculum, the 
origin of a new plant, within the ſeed. 2. Plumula, a ſcaly part 
of the corculum ; which in vegetation aſcends. 3. Ry/tellum, a 
plain part of the corculum ; which in vegetation deſcends. 4. 
Cotyledon, a ſide LOBE of the ſeed, of a porous ſubſtance, and pe- 
riſhable. 5. Hilum, an external mark or sCaR en the ſeed, 
where it was faſtened within the fruit. 6. Arillus, the proper 
exterior coat or tunic of the ſeed; which comes off of itſelf. 7. 
Coronula, the little crown, of a ſeed ; which is either (a) calyculus, 
the calyx of a floret, adhering to the ſeed, and aſſiſting it to fly; or 
(5) pappus, a down, a feathery or hairy crown, anſwering the ſame 
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end. and connected with the ſeed by a trunk (ſtipes) i. e. the thread 
on which the down is ſupported. 8. Ala, a wing, a membrane 
affixed to the ſeed, and which by its flying helps to diſperſe it. 

A NUT, nux; which is a ſeed, incloſed by a hard outer coat 
(offeous epidermis) i. e. the Mell. N 

The ſeed of M ss (propago) has neither tunic nor cotyledon, 
but confiſts only of the plumula of a naked corculum, where the 
roſtellum is inferted into the calyx of the plant. 


E RECEPTACHE 


THE RECEPTACLE is the baſe which connects the other 
ſix parts of fructification. Its appellations are as follow: 

I. A PROPER RECEPTACLE, that which belongs only to 
the parts of a ſingle fructification: this is called a receptacle of 
the fruftification, when common to both flower and fruit; 2. 4 
receptacle of the flower, when it is a baſe to which the parts of the 


flower only are faſtened, without the germen; 3 a receptacle of the 


* * . O 2 
Fruit, when it is a baſe for the fruit oy, remote from the flower; 


4. a receptacle of the ſeeds, when it is a baſe that faſtens the ſeed 
within the pericarpium. | | 

A comMMoN RECEPTACLE is that which connects many 
florets in ſuch a manner as the taking away any of them would 
cauſe an irregularity. | 1 

A CHAFF, palea; is a thin ſubſtance, ſpringing from the re- 
ceptacle to part the florets. | 

An UMBEL, wumbella; is a receptacle, which, from a common 
centre, runs out into thread-{haped foot-ſtalks, of proportionate 
lengths. It is, 1. @ /imple umbel, when without ſubdiviſions ; | 
2. a compound umbel, when each foot-ſtalk is terminated by a 
little umbel {umbellula) ; in this caſe the umbel that bears the um- 
bellula on its foot-ſtalks is called the univerſal umbel; and the 
umbellula which proceeds from it, a partial umbel. 

A CYME, cyma, is a receptacle that runs into long faſtigiate 
peduncles, i. e. their lengths are fo proportioned, that the flowers 
which they ſupport form an even ſurface, proceeding from the 
lame univerſal centre, but with irregular partial ones. | 

SPADIX; is in its primitive ſenſe, the receptacle cf a palm, pro- 


duced within a ſbeath (ſpatha); on the branches that bear fruit. 


The ESSENCE of a vegetable conſiſts in its ſrudification. The 
eflence of the frudfification conſiſts in the ter and fruit. The 
eſſence of the fower conſiſts in the antheræ and ſtigma. The 
eſlence of the fruit conſiſts in the ſeeds. 

From theſe characters the following principles may be deduced: 


1. Every 
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1. Every vegetable is furniſhed with fower and fruit ; there 
being no ſpecies where theſe are wanting. ö | 

2. There is no fructification without antheræ, ſtigma, and ſeed. 

3. The anther and ſtigma conſtitute a fower, whether the co- 
yers are preſent or wanting. 


4. The ſeed conſtitutes a fruit, whether there be a ſeed-veſlel 
{pericarpium) or not. 


In reſpect to the ſeed, its eſſence conſiſts in the corculum, or 
new plant. | | 
The eſſence of the corculum conſiſts in the plumula; which is 


the vital ſpeck of the plant itſelf, extremely {mall in its dimen- 
ſions, but increaſing, like a bud, to infinity. 


OF THE Mos T NATURAL STRUCTURE OF THE PARTS 
h ” oF FRUCTIFICATION. 


IN conſidering the ſtructure of theſe parts, the principal ob- 
jects to be attended to are, 1. The number of each part. 2. Its 
figure, 3. Its proportion, i. e. its height in reſpect to the reſt. 4. 
Its fituation ; which includes alſo its inſertion and connections. 

The MosT NATURAL STRUCTURE of the parts, in reſpect 
to NUMBER, is, to have the nter bark (calyx) divided into as 
many ſegments as the inner bark (corolla); the threads (fila- 
ments) being equal in number to theſe ſegments; a ſingle ſum- 
nit (anthera) on each thread; the diviſions of the piitillum 
equal in number to the cells of the receptacle (pericarpium) * 
of the ſeeds (moſt commonly five) ; the corolla and calyx alſo | 
moſt frequently in five fegments (quinquifid) | 

In reſpect to FIGURE, the molt natural ſtructure is, to have 
the calyx narrower than the corolla; the corolla widening 
gradually; the ſtamina and piſtillum upright and tapering ; 
the pericarpium big with ſeeds, ſwelling and extending after 
the reſt of the parts (the calyx excepted) are fallen off. 

In reſpect to PROPORTION, the moſt natural ſtructure is, to 
have the calyx lefs than the corolla; the piſtillum of equal 
length with the ſtam ina, in an upright flower, but longer in an 
inverted flower; if the flower ſlope downward, the ftamina 
and piſtillum inclining towards the under fide ; but if it flope 
upward, placed cloſe under the upper ſide. 

| In reſpect to s1T AT jo, the moſt natural ſtructure is to have 
the Awer-cup (perianthium) ſurrounding the receptacle; che co- 
rolla placed on the receptacle, and alternate with the flower- cup; 
the threads placed within the corolla, but correſponding with the 
flower-cup; the anther on the tops of the threads; the germen 
poſſeſſing the centre of the receptacle; the ſtyle ſtanding on the 
top of the germen ; and the ſtigma ſeated on the top of the ſtyle. 


I When 
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When the ſtigma and ſtyle are fallen, the germen, ſupported - 
by the calyx, and including the ſeeds which are affixed to the 
receptacle of the fruit, is greatly enlarged. "he receptacle of 
the flower is general y under that of the fruit. | 
The calyx, in reſpe&t to number, is either ſingle, double, or 
Wanting. | | - 

In reſpect to compoſition, it is either, 1. ([nbricate} compoſed, 

of various ſcales lying over each other. 2. {Squameſe) compoſed 
of ſcales ſpreading widely open. 3. Auctus) augmented, having 
a ſeries of diſtinct leaves, ſhorter than its own, around its baſe 
externally. 4. C Hultiflorus/ many-flowered, i. e. common to many 
florets. | | 

In reſpect to its parts, it is either, 1. Of one leaf (monophyllous). 
2. Of two leaves (biphyllous). 3. Of three loaves {triphillous ). 
4. Of four leaves (tetraphyllous). 5. Of five leaves (pentaphyl- 
lous). 6. Of fix leaves (hexaphyllous). 7, Of ten leaves (deca- 
phyllous). | 

In reſpect to its ſegments (which chiefly concern the mono- 
phyllous calyx) it is either whole (integer); divided into two 
ſegments (bind' ; divided into three ſegments (trifid' 3 divided 
into four ſegments (quadrifid); divided into five ſegments (quin- 
quihd) ; divided into fix ſegments (ſexifid); divided into eight 
ſegments (octofid); divided into ten ſegments (decemfid); di- 
vided into twelve ſegments (duodecemfid). 1 

The calyx, in reſpect to figure, is either globe-fhaped (globoſe); 
club-ſhaped (clavate) ; bent back (reflex); or upright (erect). 

It is either equal, unequal, or with the ſegments alternately ſhorter. 
Its margin is either very entire (integerrimus); ſaw-like 
(ſerrate) ; or fringed with hairs like eye-laſbes (ciliate). 

Its zop (apex) is either ſharp (acute); pointed (acuminate) ; 
blunt (obtuſe) ; or with one of its indents pp off: 

It is either longer than the corolla, equal to it, or ſhorter. 

In reſpect to $iTUATION, it is either a calyx of the Fower, of 
the 4 or of the fructiſication. 

n reſpect to DURATION, it is either (caducous) falling off 
at the opening of the flower ; (deciduous) falling off with the co- 
rolla ; or perſiſting, till the fruit is come to maturity. 

The corolla is either one petal (monopetalous); of two petals 
(bipetalous) ; of three petals (tripetalous) ; of four petals (tetra- 
petalous) ; of five petals (pentapetalous); of /ix perals (hexape- 
talous) ; of nine petals (enneapetalous); or of many petals (po- 
lypetalous). = | 

In reſpect to its ſegments (lacinie) it has either tiuo, three, 
Four or five. | 

In reſpect to figure, it is either waved (undulate) ; folded 
(plicate) 3 rolled back (revolute) ; or #wifted (tort). : 

; n 
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In reſpect to equality, it is either equal, unequal, regular, or 
irregular. | | | 

Its margin is either notched (crenate) ; ſaw-lihe (ſerrate) ; 
fringed (ciliate) ; t2othed or agged between the ſegments (den- 
ticulate); or Hairy, i. e. its ſurface. | 

In reſpect to PROPORTION, it may be very long, or very ſhort. 

The baſe of the corolla is uſually cloſe to the fower-cup 
(perianthium ) if there be one. 

In reſpect to DURATION, it is either laſting till the fruit is ripe 
(perliſting) 3 dropping as ſaon as the flower is blown (caducous) 
dropping off with the flower (deciduous) which is the moſt com- 
mon; or withering (marceſcent). | 

The FiGURE of the filaments or threads is either {hte hairs 
(capillary); fat (plane); wedge-ſhaped (cuneiform); ſerew-fhaped 
(ſpiral) ; aw!-fhaped (ſubulate); notched (emarginate); bent back 
(reflex); or hairy (hirſute). | | 

The PROPORTION of the filaments is either unequal, irregular, 
very long, or very ſhort. WE 

The 81tTUATION of the filaments is either oppoſite to the 
leaves or ſegments of the calyx, or alternate wita tnem. In 
flowers of one petal, they are inſerted into the corolla. N. B. In 
the claſs icoſandria, they are always inſerted in the calyx, and in 
ſome flowers which have no petals ; but it is more common for 
them. to be inſerted into the receptacle. 

The NUMBER of the antherz is either /ingle to each fila- 
ment, as is moſt common; one to three; one to five; or two an- 
theræ to each; three to each; five to three filaments z or five to each. 

In ſome plants that have ſingle antheræ to the filaments, ſome 
of the anther: are often wanting. | 

The number of cells that contain the pollen, is either one, tꝛuo, 
three, or ſour. | 

The FIGURE of the antherz is either oblong ; globoſe ; arrotu- 
ſaped (ſagitate) ; cornered (angulate) ; or horned (cornute). 

hey bur/? either on the fide, as in moſt flowers; on the 
«pex ; or throughout the whole length. 

They are /a/tened either by their baſe, as in moſt plants, their 
tops, their /ides, or grow to the nectarium. 

Their /tuatzon is either on the tops of the filaments, as in moſt 
plants, on the tides of the hlaments, on the piſtillum, or on the 


receptacle. 


'Thefizure of the particles of the pollen appears, by glaſſes, fo 
be—a prickly ball, as in helianthus ;, perforate, as in geranium; 
double, as in ſymphytum ; wheel-ſhaped and indented (rotato-den- 
tate) as in malva; cornered (angulate) as in viola; kidney- 
Haßped geniform) Ke. | | 

the 
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The 8TYLE is divided into two, three; four, or five ſections, 
or is halved, and each half ſubdivided. 

The F1GURE of the ſtyle is either cy/ndrical; cornered (angu- 
late); awl-fhapcd (ſubulate); lite hairs (capillary); or thicker 
towards the top, 

It is either very long, very ſhort, or equal to the lamina. 

It is either 1 than the TO thinner, or of equal 
thicknets. 

Its SITUATION is either on the apex of the germen; both above 
and below the germen ; or on the de of the germen. 

The nUmBER of the ſtigmata is either one, two, three, four, or 

Ve. 
f The pericarpium is either . confijting of one capſule 
(unicapfular) ; of ic (bicapfular); F three (tricapſular); of 
four (quadricapſular) ; of five (quinquecapſular) ; or of many, 
(multicapſular). 

The fruit, in re eſpect to the loculaments, or internal diviſions 
of the pericarpiun is either, of ene cell (unos ; of bro bilo- 
cular); ef three (trilocular); of four ( quadrilocular); of five 
(quinquelocular) ; of fix (fexlocular) ; of eight = ure of 
ten (decemlocu ar); or F many (multilocular), 

The pericarpium, in reſpect to its valvules, or outer inclo- 
ſures, is formed either of #w9 valves (bivalve) ; ; of three (tri- 
valve) ; of four (quad Irivalve) ; or of fruc (quinquevalve.) 5 

Al fruit that is jomted (articulate) opens at every one of the 
joints, each of which is /igle ſeeded (monoſpermous). 

The fituation of the pericarpium, is at the receptacle of the 
flower, either placed under it, as in vaccinium and epilobium ; over 


it, as in arbutus and tulipa; or both abode and below it, as in 
ſaxifraga and lolelia. 


Or THE SEXUAL SYSTEM, AND ITS DIVISIONS. 


Tre Sexual Syſtem was invented by Dr. Linnæus, pro- 
feſſor of phyſie and botany at Upſal. - T he author does not pre- 
tend to call] it a natural one, he gives it as artificial only. | 

By the ſexual ſyſtem, plants are diſpoſed according to the 
number, proportion, and ſituation of their ſtamina and piſtilla. 

The firit general diviſion of the whole body of vegetables 
is into twerity- four claſſes; theſe are ſubdivided into orders, 
the orders into gerera, the genera into ſbeczes, and the ſpecies 
into varieties where there are any worthy of note; but we do 
= mean to purſue theſe diviſions beyond the principles of the 
orders. 


TABLE 
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TABLE or Taz CLASSES axy ORDERS. 


CLASSES. „ end 
1. MoNANDRIA 1. Monogynia. 2. Digynia. 
I. Monogynia. 2. Digynia- 
3. Trigynia. 


« Mmogynia. 2. Di ynia. 
3. Trigynia. 


I. Monogynid. 2. Digynia. 
3. Tetragynia. 


« Monogynia. _ Digynia. 
3. 1rigyma. 4. Tetragyma. 
5. Pentagynia. b. Polyyynia. 


Monogynia. 2. Digynia. 
3. Trigynia. 4. Tetragynia. 
5. Polygy nia. | 


2. DIANDRIA 
3. TRIANDRIA 


4. TETRANDRIA 


5. PENTANDRIA 


6. HEXANDRIA 


1. Monogynia. 2. Digynia. 3. 
Tetragynia. 4. Heptagynia. 


I. Monogynia. 2. Digynia. 
3. Trigynia. 4. Tetragynias 


7. HE PTANDRIA 
8. OcrANPDRIA 


I. Monogynig. 2. Trirynias 
3. Heæagynia. | 


To 
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1. Monogynia Dig 
5 nia. 2. Digynia- 
8 


9. ENNEANDRIA 


10. DECANDRIA I Trigynia. 4. Pentagynia. 


5. Decagynia. 


1. Monogynia. 2. Dirzynia. 
3 Trigynia. 4. Pentagynia. 
5. Dodecagynia. 


11. Dop EAN DRIA 


I. Monogynia. 2. Digynia- 
3. Trigynia. 4. Penta ynia. 
— Pohgynia. 7 
1. Monogyma. 2. Digynia. 
3. Trigynia. 4. Tetragynia. 
5. Pentagynia. O. Hexa- 
gynia. 7. Palygynia. 
Gymnoſpermia. 2. Angieſ- 


perma. 


12. ICOSANDRIA 


13. POLYANDRIA 


14. DIDYTNAMIA 


Part IV, No. 25. 15. TETRADYNAMIA» 
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CLASSES, 


15. TETRADYNAMIA 


16. MoNADELPHIA 


17. DiaDELPHIA 


138. PoLYADELPHIA 


19. SYNGENESIA 


2c. GYNANDRIA 


21. MonoECIA 


22. Diotcla 


23. POLY OGAMIX 


24. CRYPTOGAMIA 


APPENDIX 


ORDERS. 
"7 Siliculbſa. 2. Siliguoſa. 
I. Pentandria. 2. Decandria. 
0 3. Endecandria. 4. Dode- 


candria. 5. Polycandria. 


| 1. Pentandria. 2. Hexandria. 
3. Octandria. 4. Decandria. 


| f 1. Pentandria. 2. Icoſandria. 
23 . Polycandria. 


1. Polygamia æqualis. 2. Po- 
HhHæamia ſuperflua. 3. Poly- 

gamia fruſtranea. 4. Poly- 
\ gamia neceſſaria. 5. Poly- 


gamia. 


I. Diandria. 2. Triandria. 
3. Tetranaria. 4. Pentan- 
aria. 5. Hexandria. 6. De- 
candria. 7. Dodecandria. 


gamia ſegregata. 6. Mono- 
8. Polycandria. 


I. Monandria. 2. Diandria. 
3. Triandria. 4. Tetan- 
dria. 5. Pentandria. 6. 
Hexandria. 7. Heptandria. 
8. Polyandria. q. Mana- 
delphia. 10. Syngenefia. 
11. Gynandria. 


4 


3. Triandria. 4. Tetran- 
dria. 5. Pentandria. 6. 
Hexandria. 7. Oftandria. 
8. Enneandria. 9. De- 
candria. Io. Dodecandria. 
11. Polycandria. 12. Mo- 
nadelphia. 13. Syngeneſia. 
14. Gynandria. 
Aondecia. 2. Dioecia. 
0 3. Triscecia. 
I. Filices. 2. Muſci. 3. Alge. 
} 4. Fungi. 


| 

* 

L 

[ 

LI 

1 | 

ſ 1. Monandria. 2. Diandria. 
| 

L 


1. Palma, 
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REMARKS ON THE CLASSES. 


THe firſt ten claſſes, which conſiſt of hermaphrodite flowers, 
take their denominations from the number of ſtamina, 1. e. from 
one to ten. It muſt be obſerved, however, that the flowers 
being hermaphrodite, is in all theſe claſſes a neceſſary condi- 
tion; for ſhould the piſtillum be wanting, the plant would be- 
long to ſome other claſs, notwithſtanding the number of ſtamina 
may be ſuch as would otherwiſe refer it to one of theſe. 

In CLass XI the flowers have f#welve ſtamina; but this 
claſs includes all ſuch hermaphrodite flowers as have from 
oe lve to nineteen ſtamina. No flowers have been yet found to 
have eleven ſtamina. | 

In CLASS XII the flowers have twenty ſtamina, often 
more. 

In CLass XIII the flowers have many ſtamina. 

In CLass XIV the flowers have four ſtamina, of which 
two are longer than the other two. Ez 

In CLass XV the flowers have fix ſtamina, of which 
four are longer than the other two. | 

In CLass XVI the term brother (MONADELPHIA) is 
employed to expreſs the union of the filaments of the ſtamina, 
which in this claſs join at the baſe, and form on? ſubſtance, out 
of which they proceed; this claſs has only a ſingle brotherhood, 
or one ſet of ſtamina fo united, which diſtinguiſhes it from the 


following. 
CLASS XVII has ws ſets of ſtamina, united in the manner 
of the preceding. : 


CLASS XVIII has many brotherhoods, or ſets of ſtamina. 
In CLass XIX the antheræ are united in a cylinder, and 
perform their office together. - 
2 In CLass XX the flowers of the ſtamina grow upon the 
piſtillum ; ſo that the male and female parts are united. | 
In CLass XXI the term monoeecia ſignifies a ſingle houſe ; 
in this claſs, the male and female flowers are both found on the 
ſame plant. - . | 
Cass XXII. DiotEcla.,—This term, which ſignifies fue 
houſes, expreſſes the circumſtance of the male flowers being 
on one plant, and the female on another. | 
CLass XXIII produces either the ſame or different plants, 
hermaphrodite flowers, and alfo lowers of one ſex only, male or 
female; or flowers of each ſex; the latter receiving impregna- 


tion from, or giving it to the hermaphrodites. 
8 2 
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CLass XXIV. crxyyToGAMIA.—The term fignifies con- 
cealment of marriages; this claſs conſiſting of ſuch plants as 
either bear their lowers concealed within the fruit, or have them 
ſo ſmall as to be imperceptible, | 


REMARKs ON THE ORPDERs. 


TRE orders of the firſt thirteen claſſes take their denomina- 
tions from the number of the piſtillum, or female part of the 
plant, which is uſually reckoned from the baſe of the fyle, if 
there be any; but if the ſtyle be wanting, the number is fixed 
from the fiiymata. Monogynia implies one ſtyle; digynia, twa 
ſtyles; trigyna, three ; tetragynia, four; pentagynia, five; hexa- 
gyni7, fix; decagynia, ten; and polygynia, many ſtyles. 

CLASS XIV. DipynNamia.—Of the three orders of this 
claſs the two firſt have a diſtinction in the fruit. Gymnoſper- 
ma ſignifies naked ſceds; angioſpermia incloſed feeds. The 
third order, polypetula, ſignifies many petals. F 

Ciass XV. FETRADYNAMIA.—The two orders of this 
claſs have a diſtinction in the pericarpiam. In the ſiliculoſa, 
the p.ricarpium is a little ſiligua, a round pod or cod. In the 
ſecond order, the /i/:qua is a long pod. | 

Crass XVI. MonaADELPHia, XVII. DiaDELPHIA, 
XVIII. PoLYADELPHIA. Theſe three claſſes are diſtinguiſh- 
ed by the number of the ſtamina in each brotherhood or diſ- 
tinct ſet. | 

CLass XIX. SYNGENEsSIA. Polypamy in flowers, alludes 
to the intercommunication of the male or female flowers with 
the hermaphrodite onde, either upon the fame or a diſtinct, 
plant, But the term is 2; plied to a ſingle flower only; for the 
flowers of this claſs being compound, a polygamy ariſes from the 
intercommunication of the ſeveral florets in one and the ſame 
flower. This is the foundation of the four firſt orders of this 


claſs. 1ſt, Equal polygamy, when all the florets are hermas- 


phrodite. ad, Super fru-us polygamy, when ſome of the florets are 
hermaphrodite, and others $i only; for as the fructifi- 
cation is pertectcd in the hermaphrodites, the addition of the 
females is ſuperfluous. Za. Fruftraneous polygamy, when ſome 
of the florets are hermaphrodite, and others neuter; the addi- 
tion of the neuters being of no aſſiſtance to the fructifica- 
tion. Ata, Neceſſary polygamy, when ſome of the florets are 
male, and the reit female. Sch, Polygamia ſegregated, i. e. ſe- 
parated, the plants of this order having partial cups growing 
out of the com mon calyx, which ſurround and divide the 
florets. bth. Monogamous folygamia; in this order, though the 

antheræ 
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antheræ are united, which is the eſſential character of the flow- 
ers of this claſs, the flower is /imple, and not compounded of 
many florets. „„ | 

Cass XX, GYNANDRIA. The orders of this claſs are 
founded on the number of ſtamina. | 

CLAss XXI. Monorcia. Same reſidence, 

CLass XXII. Drotcia. Separate reſidences. Of theſe 
two claſſes, the lowers have no fixed character, but that of not 
. being hermaphrodite. | 
F CLASS XXIII. PoLyYGamlIa. In this claſs the titles of the 
5 two firſt orders are the ſame with the titles of the twenty- firſt 

and twenty. ſecond claſſes, and are to be underſtood in the ſame 
manner; that is, I. monoecia, when the polygamy is on the fame 
plant; and 2. dioecia, when it is on di/tin#? plants. The order 
{rivecta has been eſtabliſhed in favour of a ſingle genus, the ig; 
in which the polygamy is on three diftinct plants, one producing 
male flowers, another female, and a third hermaphrodite, or 
androgynous. 

CLass XXIV. CryPpToGAMIA, Secret-ſeeded ; the orders 
of this claſs are, 1. ferns, filice; 2. mes, muſci; 3. /lags, alge ; 
and, 4. mufhrooms, fungi. | 

PALM, comprehending ſuch plants as have a /padix, and 


ſpatha, 


GENERAL PRINCIFLES. 


THe fructification being admitted as the only foundation of 
the generic diſtinctions, all vegetables that agree in their parts 
of fru Ftification are to be put together under one genus; and all 
ſuch as drffer in thoſe parts are to be ſeparated. 

3 There is, however, no one part of fructification that can be 
| : relied on as a conſtant charaCteriſtic mark for all genera; it be- 
Y ing found, that the part which is conſtant in ſome genera will be 


4 inconſtant in others, 

| N When the characteriſtic mark of any genus is wanting in any 
I particular fpecies, we ſhould proceed with caution, left we con- 

found genera that ſhould be diſtinguiſhed. 

_ When the characteriſtic mark of any genus is obſerved in 

ſome ſpecies of another genus near of kin to it, a like caution 

f is again neceflary, on the other hand, Jeſt we ſhould multiply 

8 3 the genera by parting ſpecies that ſhould ſtand together. 
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BEING A SPECIMEN' OF THE HISTORY OF 
REMARK-ABLE VEGETABLES, 


DD Sn SIDES I CIIEESES 


Of Plants yielding Food. © : ; 
4 THE CABBAGE-TREE. 


ö HE CABBAGE-TREE, or MOUNT AIN-PALM, the palma al- 

1 tiffima non ſpinoſa of Sloane, is a native of the Weſt-Indies, 
1 where it is ſaid to riſe to the height of one hundred and fiſty, and 
two hundred feet. It is by ſome authors called the palmetto royal; 
and well, ſays Hughes, in his & Natural Hiſtory of Barbadoes,” 
©3 may it be called royal, ſince neither the tall cedars of Lebanon nor 

if any of the trees of the foreſt, are equal to it in height, beauty, or 

1 proportion. It is generally as ſtraight as an arrow; near the earth 
it it is about ſeven feet in circumference, but tapers as it aſcends. 
Wl The bark is of an aſh colour till within twenty-five or thirty 
Bb: feet of the extremity of the tree, when it alters at once to a deep 
| ſea-green, which continues to the top. Upon removing the large 
leaves, or branches, which ſurround the top of the trunk a little 
way above the beginning of the green bark juſt mentioned, 


4 ®-< >a 


; 1 what is called the cabbage is diſcovercd, lying in many thin, | 
ig ſnow-white, brittle flakes, in taſte reſembling an almond, but 4 
ſweeter. This ſubſtance, which cannot be procured without 


deſtroying the tree, is boiled, and eat with mutton, by the 
inhabitants of the Weſt Indies, in the fame manner as turnips 
and cabbages are with us; it is likewiſe pickled, and ſent to Eu- 
rope, where it is eſteemed an exquiſite delicacy. | 
In the pith of the trunk of the cabbage-palms, when felled, 
there breeds a kind of worms, or grubs, which are eaten, and 
eſteemed a great delicacy by the French of Martinico, St. Do- 
mingo, and the adjoining iſlands. Theſe worms, ſays Father z 
| Labat, are about two inches long, and of the thickneſs of one's | 
$i finger; the head 1s black, and attached to the body without any E 
5 diſtinction of neck. Their preparation for the table is as fol- | 
lows: they are ſtrung on wooden iſkewers before a fire, and as 5 
1 5 ſoon 
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ſoon as heated, rubbed over with raſpins of cruſt, ſalt, pepper, 
and nutmeg; this powder abſorbs all the fat, which during the 
cookery, would otherwiſe eſcape; When properly roaſted, they 
are ſerved up with orange or citron ſauce. Theſe worms being 
expoſed for ſome time to the ſun, are ſaid to yield an oil which 
is of great efficacy in the piles. The oil in queſtion, ſays Labat, 
is never to be heated before its application to the part affected; 


as repeated experiments have evinced that its ſpirit is totally 
diſſipated by the fire. 


8 If 


From the pith of a ſpecies of palm that grows naturally in 


Japan, is prepared the ſubſtance well known in ſhops by the 


name of ſago, The pith is taken out, and after being pounded 
in large mortars, is mixed with water. The liquor is then 
trained, and the fæculæ formed into cakes, which the Japaneſe 
eat as bread, in default of rice: part of the ſame ſubſtance 
they granulate and dry, and ſend into Europe by the name of 
lago; it is eſteemed highly nouriſhing and reſtorative. 


P Ah: NM: 


The DATE-TREE, the phenix dafylifera of Linnæus, is a 
native of Africa, and the eaftern countries, where' it grows to 
fifty, ſixty, and one hundred feet high. The trunk is round, 
upright, and ſtudded with protuberances, which are the veſtiges 
of the decayed leaves. From the top iffues, a cluſter of leaves 
or branches, eight- or nine feet long, extending all round 
like an umbrella, and bending a little towards the earth. The 
bottom part produces a ws of ſtalks like thofe of the middle, 
but ſeldom ſhooting ſo high as four or five feet. Thefe ſtalks, 
ſays Adanſon, diffuſe the tree very conſiderably; fo that, 
wherever it naturally grows in foreſts, it is extremely difficult 
to open a paſſage through its prickly leaves. "The flowers are 
male and female upon different roots. The dates, which are the 
beg of the female plant, grow in large ſpiral cluſters, each 

eing about the bigneſs and ſhape of a middling olive, and con- 
taining within the pulp, which is of a yellow colour, and agrea- 
ble taſte, a round, ſtrong, hard nut or ſtone, of an aſh-colour, 
marked with a deep furrow, running length-wife. Of the freſh 
dates and ſugar, ſays Haſſelquiſt, the Egyptians make a con- 
ſerve, which has a very pleaſant taſte. "The kernels or ſtones, 
though hard as horn, they grind on hand-mills, and in default of 
better food, give to their camels. Of the leaves are made baſ- 
Lets, or bags, which are much uſed in Turkey on journies, and 
| far 
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for other ceconomical uſes. In Egypt they are uſed as fiy-flaps 
for driving away the numerous infects, which prove ſo trou- 
bleſome in hot countries; and Rauwolf relates that of the fibres 


of the leaves, and covering of the fruit, are ſpun ropes, of pretty 


large dimenſions, and conſiderable {trength ; the harder boughs 
are uſed for fences, and other purpoſes of huſbandry ; the princi- 


pal ſtem for building; in fine, no part of this curious tree wants 


its uſe. The fruit, before it is ripe, is ſomewhat aſtringent, 
but when thoroughly mature, is of the nature of the fig. The 
Senegal dates are ſhorter than thoſe of Egypt, but much thicker 
in the pulp, which is faid to have a ſugary agreeable taſte, ſupe- 
rior to that of the beſt dates of the Levant. 

PALMETTO, i. e. LITTLE PALM, called by the Americans, 
thatch, from the uſe to which the leaves are applied, is a native 
of Africa and the Weſt-Indies, and ſeldom grows ſo high as the 
other palms. Mr. Adanſon, however, deſcribes, under the name 
of palmetto, a ſpecies of palm, which grows naturally at Senegal, 
whoſe trunk riſes from fifty to ſixty feet in height. The ne- 
groes call this palm renn, which name the French have changed 
to rondier : from the upper end of the trunk iſſues a bundle of 
leaves, which in turning off form a round head; each leaf repre- 
ſents a fan of five or ſix feet in expanſion, ſupported by a tail of 
the ſame length. Of theſe trees ſome produce male flowers, 
which are conſequently barren; others are female, and loaded 
with fruit, which ſucceed each other uninterruptedly almoſt the 
whole year round. The fruit of the large palmetto, Mr. Adan- 
ſon affirms to be of the bigneſs of an ordinary melon, but 
rounder ; it is enveloped in two ſkins, as tough as leather, and 
thick as ſtrong parchment ; within the fruit is yellowiſh, and full 
of filaments, faſtened to three large kernels, in the middle. The 
negroes are very fond of this fruit, which when baked under the 
aſhes, is ſaid to taſte like a quince. 

PALM-01L-TREE, or OILY PALM, is a native of Africa, and 
riſes about fifty-feet high; from the fruit is drawn an oil, of 
which the negroes are remarkably fond. They generally roaſt the 
fruit in the embers, and then ſuck the fine ſweet oil, which is 
contained in the many interſtices of its yellow huſky tegument, 
or covering; with this oil they likewiſe anoint their bodies, to 
prevent a too plentiful perſpiration, as well as to ſupple and re- 
lax their ſtiffened nerves ; being thus anointed, their {kins ap- 


pear fleek and ſhining. Within the outward covering is the 


nut, which contains a white kernel, in taſte ſomewhat reſem- 
bling that of a cocoa-nut, but not ſo agreeable. Theſe nuts, 
when bored and emptied of their kernels, are ſtrung by the ne- 


groes as ornaments, about their necks. From the body of this 


and the cocoa-nut-tree is extracted a liquor, which when fer- 
I mented 
| 
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- mented, has an intoxicating quality, and is known by the name 
of palm-wine. | | . 


COCOAF A LM 


: THE COCOA-NUT-TREE is ſuppoſed to be a native of the 
| | Maldive Iflands, but is cultivated in both Indies, particularly in 
| 8 South-America, and the Weſt-India Iſlands, where it ſupplies 
the inhabitants with many of the common neceſſaries of life. 
This tree freequently riſes ſixty feet high. The body of the 
trunk, which generally leans to one ſide, occaſioned, as is ſup- 
poſed, by the great weight of nuts which it ſuſtains when young, 
is the exact ſhape of an apothecary's large iron peſtle, being of 
an equa] thickneſs at top and bottom, but ſomewhat ſmaller in 
the middle; its colour is of a pale brown throughout, and the 
bark ſmooth. The leaves or branches, often fifteen feet long 
are about twenty-eight in number, winged, of a yellow colour, 
{trai-ht and tapering. The pinnæ, or partial leaves, are green, 
often three feet long next the trunk, but diminiſhing in length 
toward the extremity of the branches. The branches are faſt- 
eued at bottom by brown ſtringy threads, about the ſize of or- 
dinary packthread, that grow out of them, and are interwoven 
like a web. The nuts hang at the top of the trunk, in cluſters, 
of a dozen each. Each nut, next the ſtem, has three holes, cloſely 
ſtopped ; one of them being wider, and more eaſily penetrated 
than the reſt, When the kernel begins to grow, it incruſts the 
inſide of the nut in a bluiſh jelly-like ſubſtance as this grows 
harder, the incloſ-d liquid, diſtilled into the nut from the roots, 
becomes ſomewhat acid; and the kernel itſelf, as the nut ripens, 
becomes ſtill more ſolid ; and, at length lines the whole inſide of 
the nut for above a quarter of an inch thick, being as white as 
ſnow, and of the flavour of an almond, The quantity of liquor 
in a full-grown nut is frequently a pint, and upwards. The 

| huiky tegument of the nut conſi us of ſtrong, tough ſtringy fila- 
ments, which when removed from rhe fruit, reſemble coarſe 
oakum; and may perhaps be conveniently enough uſed as ſuch. 
The ſhells of theſe nuts, being tipped with filver, are frequently 

uſed for drinking bowls; the bark of the tree may be wrought int» 
cordage, and the leaves into baſkets, brooms, hammocs in form 
of nets, mats, ſacks, and other uſeful utenſils. The liquor con- 
tained in the ſhell is a moſt cooling wholeſome beverage in 
thoſe ſultry climates, and the white kernel a moſt agreeable 
food. — | 
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BOTTLE GOUR . 


In the caſtern countries, and both the Indies, Bor T LE 
Go UR ps, the cucurbita lagenaria, of Linnæus, are very com- 
monly cultivated, and ſold in the markets, for the table, and are 
the principal part of the food of the common people, in the warm 
months, particularly from June to October. The Arabians call 
this kind of gourd, charrab. They boil it and ſeaſon it with 


vinegar; they likewiſe fill the ſhell with rice and meat, and thus 


make a kind of pudding, like what we ſometimes in En, gland 
prepare of the ſhell of pompions, or pumpkins. 

The leaves of the bottle-gourd are large and almoſt circular, 
covered with tine ſoit hairy down, and ſmell ſtrongly of muſk. 
The flowers are fo tender, that they cloſe as foon as the ſun 
ſhines upon them. 4 12 outſide tegument, or rind of the fruit, 
as it ripens, grows hard; and when the ſeeds and pulp are taken 
out, will hold water, for which purpoſe it is ſometimes uſed. 


Some gourds are ſix fect long, and one and a half round, and 


D 
when cleared of their pulp, will contain twenty-two gallons : b 


ſuch, however, are very uncommon. 


WX TER MEL O:N 


WATER-MEL ONS, or ciTRUII.s, the Huguria of Tournes 
fort, the cucurbita citrullus of Limmæus, are diitinguiſhed, by the 


colour of their pulp, into the white and red; and derive their name 


irom the great quantity of water, or e, which they contain. 
Theſe Suits, by their cooling and Cluretic quality, are beneficial 
in hot climates, if wed in moderation: the poor people in 
Perlia and the Levant live almoſt ſolely, during the hot months, 
upon the muſ and wa ter-meit ons, cucumbers, 5 480 milk. The 
water -melon, favs Hatlelq quiit, © ves the Egyptians for meat, 
drink, and phylic : when it is very ripe, and a inoft putrid, they 
hollow E of it, mer tne Juice tnere colleCled, and mixing it 
with roſe-wa ter, and a little fu n auminiiter it in burning fevers, 
with ſuch fuccel 8, that the common P. 2onle ule no other m totes 
in thoſe d dittempers. It is not, however, from the common 
water-melon that this medicine is procured. The fruit in 
queſtion is ſofter, more juicy, and more rarely to be found 
than the common ſort, of which this is a variety. It is 
termed by the Arabs, et-narvi, whicn ignites water. 

Wate:-:nelons ſhould be eaten with great errcumipection 3 
for if taken in the heat of the day, When the b. ody is ve ery warm, 
they ſeldom fail to occalion colics, fuxes, and diſorders of the 
ſtomach. 
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Ihe common cucumber, in the eaſtern countries, is boiled 
and eaten with vinegar. The richer ſort fall it with fleſh 
and ſpices, and bake it into a pudding, which is fail to be ex- 
tremely palatable. IE | 


PINE-APPLE. 


Ir the judgment of the moſt numerous part of mankind, whe 
have taſted of the PINZ-aPPLE, may be relied on, it certainly 
deferves the app-llation-1thas univerſally obtained, thatof king of 
fruits; the agreeable variety, and delicate quick poignancy of its 
juice, is juſtly eſtsemed to excel every other. The roots are 

many, and ſpread in a circular manner. From the centre riſes 
a ſtrong, hard Ralk, ſurrounded, near the earth, and for a con- 
ſiderable way up the ftalk, with long green leaves, ich are ſet 
on alternately, and finely ſawed on their edges. The top of the 
ſtalk ſuſtains the fruit, which is called the pine, fr m ſome re- 
ſemblance which it has on the outſide to the cone of th pine- 
tree. The fruit is-beautifully decorated at top, with a crown 
of fine green ſharp-pointed leaves, which are likewiſe ſa ved on 
their edges. The flowers are funnel-ſhaped, placed above the 
fruit, of a blue colour, and conſiſt of three petals. When the 
flowers are gone, the fruit enlarges and becomes a fleſhy, 
knobby ſeed-veſſel, of the berry kind; full of juice. The 
ſeeds, which are lodged in the knobs, or tubercles of the fruit, 
are very ſmall, and almoſt kidney-ſhaped. Some time before 
the fruit is ripe, two, threz, or four ſuckers grow from the 
{talk below, vet cloſ2 to the fruit: theſ2 ſhoots are taken off, 
and planted z and will in about fourteen months” time produce a 
ripe pine. Thoſe who cannot procure theſe ſuckers, ſome- 
times plant the top, or crown. This, though intended by 
Nature chiefly as an ornament to the fruit, will grow, and 
in time bear a fruit; not fo ſoon, however, nor ſo good as 
that produced by thoſe fuckers Which Nature intended to be 
the means of propagating this fruit. The three beſt forts of 
pines, are the Surinam, the ſugar-loaf, and queen-pine. The 
fruit ought to be caten ſoon after it is cut, and thould not be 
kept on the ſtalk in the garden till it be very ſoft on the out- 
tide, as the cuſtom too frequently is. 1 

To the ſame genus with the pine- apple, belongs the KAR A- 
TAS, or PENGUIN a fruit very common in the Weſt-Indies, fo 
named from its outward covering, which is a ſmooth whitiſh- 
yellow huſk, The outſide of the plant is compoſed of ſo ne 
{cores of hard {tiff green leaves, two inches broad, with ſharp 
nooked prickly edges. "Theſe leaves which grow to about nine 
feet high, turn ſcoopingly inward, on the upper fide, by which 


2 means 
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means they ſave and convey the dew and the rain that fall upon 
them, to the roots, They grow, likewiſe, almoſt impenetrably. 
thick near the earth, ſurrounding and guarding a circular crown, 
of about a foot diameter. From this grows a cluſter of fruits, 
each four inches long, and one broad, pointed at both ends, and 
quadrangular in the middle ; by which means they are fo cloſely 
Joined, that they cannot eaſily, until very ripe, be taken aſunder. 
The white outward cover being peeled off, diſplays a wiite 
pulpy ſubſtance, containing a great number of very ſmall flat. 
tiſh coal-black ſe:ds, "This ſubſtance, which is the eatable 
part, has ſome ſmall reſemblance, in its flavour, -to the pine- 
apple, and is eſteemed cooling and wholeſome. This fruit, 
when nearly ripe, being gnawed by rats, or other vermin, emits 
from the wounded part drops of the moſt tranſparent zum, 
which manifeſtly ſhows, that its jucies are much impregnated 
with volatile oil. A moderate uſ2 of this fruit has been very 
ſtrongly recommended in fevers, and with juſtice ; for by its 
penetrating, grateful, and active ſharpneſs, it is capable of laying 
open the orifices of the ſalival ducts, and thereby enabling the 
glands of the mouth and throat to diſcharge their contents, which 
could not be done before the impediment was removed. 

Beſides this fort, there is a large and round penguin, of the 
ſize of an apple, which is much more palatable than the other, 
and taſting not unlike a ſtrawberry, is frequently called by that 
name. 


E ARA GU 


TiILANDSTA, the CARAGUATA of Father Plumier, the 
large wild barren pine of the Weſt-Indians, is a paraſitic plant, 
and ought, perhaps. in ſtrict propriety, to be denominated an 
aquatic: for although it is ſuſpended in the air among the branches 
of lofty trees, to whoſe boughs it is faſtened by its numerous 
roots; yet it is not indebted to thoſe boughs, like the miſletoe, 
and other paraſitic plants, for nouriſhment, but meerly for ſup- 
port: provident Nature having, in a very extraordinary man- 
ner, ſupplicd this with other means to preſerve its exiſtence ; for 
the leaves, which much reſemble thoſe of the pine-apple, but 
are larger, ſurround this plant in a circular manner: each leaf 
being terminated near the ſtalk, with a hollow bucket, which 
contains about halt a pint of water. It is by theſe numerous 
ſmall reſervoirs of water, that the roots, as well as every other 
part of this plant, are ſupphed with nouriſhment, without the 
help of any earth. The flouriſhing condition of this plant, as 
well as the great growth of fig- trees, upon barren rocks, ſhows 
that water is of greater uſe to vegetation, than earth. 


One 


( 
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One contrivance of Nature, in this vegetable, ſays Dr. 
Sloane, is truly admirable. The ſeed is crowned with many 
long downy threads, not only that it may be carried every 
where by the wind; but that, by thoſe threads, when driven 
through the boughs, it may be held faſt, and ftick to the arms, 
and prominent parts of the barks of trees, So ſoon as it ſprouts, 


or germinates, although it be on the under part of a bough, its 


leaves and ftalk riſe perpendicular, or erect; if they aſſumed 
any other direction, the ciſtern, or reſervoir, juſt mentioned, 
made of the hollow leaves, could not hold water, which is ne- 
ceſſary to the life and nouriſhment of the plant. In ſcarcity of 
water, this reſervoir is uſeful not to the plant only, but to men, 
and even to birds, and all ſorts of infects, which come thither 
in troops, and ſeldom go away without refreſhment, 


To the ſame purpoſe, Dampier, in his voyage to Cam- 


peachy, relates, that the wild pine has leaves that will hold a 


pint and a half, or a quart, of rain-water, which refreſhes the 
leaves and nouriſhes the roots. When we find theſe pines,” 
he continues, „we ſtick our knives into the leaves, juſt above 
the root; and the water guſhing out, we catch it in our hats, 
as I myſelf have frequently done, to my great relief.“ 


S UOG AR CANE. 


The SUGAR-CANE grows naturally in both Indies, where it 
is likewiſe cultivated for its juice; which when boiled, affords 
that ſweet ſubſtance called ſugar. 

In the manner of their growth, form of their leaves, and 
make of their panicle, the ſugar-canes reſemble the reeds 


which grow in wet marſhy grounds in England, or elſe- 


: D 
where, except that the canes are far larger, and inſtead 


of being hollow, as the reeds, are filled with a white pith, 
containing the ſweet juice or liquid which ſtamps ſuch an 
amazing value upon theſe plants. The intermediate diſtance 
between each joint of a cane is of different lengths, according 
to the nature of the ſoil, richneſs of the manure, and tempe- 
rature of the weather during its growth; it ſeldom exceeds, 
however, four inches in length, and an inch in diameter. The 
length of the waole cane likewiſe depends upon the above cir- 
cumſtances. It generally grows to perfection in about fourteen 
months, when its height, at a medium, is about fix feet, ſome- 
tines more and ſometimes leſs. The body of the cane is ſtrong, 
but brittle; of a fine ſtraw-colour, inclining to yellow. The 
extremity of each is covered, for a conſiderable length, with 
many long grafty leaves or blades, ſharply and finely ſawed on 
their edges; the middle longitudinal rib being high and pro- 


minent. 
The 
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The bottom part of the ſugar-cane top is about the bigneſs 
of one's * and as it contains a good deal of the natural 
ſweetneſs of the plant, it is uſually cut into pieces of an inch and 


a half long, and given to the ſaddle horſes in the Weſt-Indies. 


It is very nouriſhing food, and fattens them apace. The mill- 


| Horſes, mules and aſſes, are likewiſe fed, during crop-time, on 
ſugar-cane- tops, and the ſcumming of the ſugar-coppers ; which 
la 


{ muſt be adminiſtered ſparingly at firſt, for fear of griping, 
and perhaps killing them. | 
The canes, when ripe, are ſqueezed between the jiron-caſed 
rollers of wind-mills, or cattle-mills. The juice, thus preſſed 
out, is boiled firſt in a very large copper or cauldron, being 
mixed with a very ſmall quantity of lime. In default of lime, a 
ſtrong ley of aſhes will anſwer the ſame purpoſe, and was indeed 
originally uſed, though the firſt is generally thought to have the 
greater efficacy. The benefits ariſing from either ſubſtance, are 


6 O i 
probably to be attributed, in a great meaſure, to their alkaline 


qualities. The ſugar-cane, when ripe, is, of all plants, the 


ſweeteſt; there is however, a latent acid ſtill lurking in the juice; 
as is manifeſt by its turning ſour if ſuffered to remain unboiſed 
any conſiderable time aſter expreſſion. The addition therefore, 
of white lime, which the planters call temper, is neceſſary to de- 
ſtroy, in a great meaſure, the remaining acid, and to form a neu- 
tral ſalt. 5 475 | 

Lime, or the ſtrong ley juſt mentioned, likewiſe ſerves to carry 
off all impurities from the liquor. When the quantity of temper 
is duly proportioned, if the liquor is put into a glaſs, an imme- 
diate ſeparation will follow; the fordes ſettle at the bottom; the 
Juice remains tranſparent at the top. On the other hand, if there 
is a deficiency of temper, the feparation will be imperfect ; and if 
there is a ſuperfluity, there will be no ſeparation at all. 

After the lime is mixed with the juice in the copper or caul- 
dron, the impurities in queſtion being no longer intimately united 
with the boiling liquor, and being forced about with the heat of 


the fire, are eaſily entangled in a viſcous tough ſubſtance, natu- 


rally in the cane-juice, with which they riſe to the top of the cop- 
per, forming a thick tough ſcum. 

The clarification of the liquor, as far as is done in the firſt 
copper, is periected after the more groſs ſcum is taken off; the 
remaining impurity, as the liquor boils, is ſcummed off from the 
four or five remaining coppers, into which the liquor is fucceſ- 
ſively poured; each of the coppers being gradually lefs, as contain- 
ing a leſs quantity of liquor. 

In its peſſage to the fourth copper, the liquor is ſtrained 
through a thick woollen cloth, where it leaves all the remaining 


. impurities that had eſcaped the ſcummer. 


After 
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After this alight white ſeum is taken off; and, when this ceafes 
to ariſe in any conſiderable quantity, and the liquor, by long 
boiling, becomes more of a {yrup than a thin liquid, it is then 
poured into the firſt tache, and from this to a leſler, till it is 
conveyed to the laſt. When it has here attained the due conſiſt- 
- ence neceſſary to become ſugar, it may be aſſerted, ſays Hughes, 

from whom this account is chiefly extracted, that no more than 
a ſeventh part of the whole remains; which diminution is occa- 
fioned by the impurities being ſcummed off, and the watery par- 
ticles evaporated. | 

From this laſt ſtage it is conveyed, while of the conſiſtency of 
a thick granulated ſyrup, into a large braſs cooler, where it ſhoots 
into Cryſtals, which are the genuine and eſſential ſalts of the 
plant; theſe are forwarded by gently ſtirring the whole maſs, by 
which means the air is admitted to every part, and the particles 
of ſugar diſengage themſelves from the clammy ſubſtance which 
is termed melaſſes. | 

When it has grained or cyyſtalized, it is removed from the 
cooler into pots, or moulds, which are earthen, and of a pyrami- 
dal form, containing from eight to thirteen gallons. 

About twenty-four hours after the ſugar is potted, the ſmall 
round hole in the bottom of each pot is unſtopped, and the pots 
put upon earthen jars, containing about four gallons each: into 
theſe veflels, the melaſſes drain from the ſugar; which in this de- 
zree of perfection, is called muſcovaco, and is fit for exportation 
in a month, or ſooner. ES | 

From the above-mentianed ſcummings, mixed with a quantity 
of water and melaſſes, and fermented, is extracted that ſpirituous 
liquor called RUM; and from the great quantity of oil in the cane- 
juice, which is tranſmitted in abundance to the rum, proceeds 
the excellency of that ſpirit, compared with brandy, The latter 
wanting this oilineſs, ſtimulates and lacerates the coats of the 
ſtomach z whereas the former, if meliorated by age, and drank 
moderately, ſerves, by its oilineſs, to lubricate and preſerve the 
bowels. 

The moſt natural, and perhaps the only proper method of pro- 
ducing canes, is by ſuckers, or with the tender tops of old canes. 
Theſe being cut into pieces of about a foot long, planted in holes 
of about fix inches deep, and two feet wide, and covered vrith 


good manure, each piece will produce from its roots a great 
number of canes. 


— 


R 1 54 


Rice is greatly eſteemed in moſt of the eaſtern countries, 
where it is the chief ſupport of the inhabitants. The plant bears 
£3 2 alk 


64 THE GENERAL GENTEEL PRECEPTOR, PART tf, 


ſtalk about three or four feet high, much ſtronger and thicker 
than that of wheat or other corn. The leaves are long, like the 
reed, and fleſhy ; the flowers blow on the top, like barley; but 
the ſeed which follows is diſpoſed in cluſters, each of which is 
enloſed in a yeHlow huſk, ending in a ſp al thread. The ſeed is 
oblong, or rather oval and white. "The plant is cultivated in moiſt 
or low grounds in Italy, and the feed brought dry from Piedmont, 
Spain, and ſeveral other places. | 
Beſides the other uſ-< of rice, both for food and phyſic, there 


is an excellent ſpirituous liquor made from 1t, which the people 
of Peru call acze, and we, from a wrong pronunciation of the 


word, arrack. 

Rice is the chief commodity and riches of Damiata, in Egypt. 
Dr. Haſſelquiſt thus defcribes the manner in which they dreſs 
and decorticate, that is, ſeparate it from the huſk. it is pounded 
by hollow iron peſtles, of a cylindric form, an inch in diameter, 
lifted up by a vencel worked by oxen. A perſon fitting between 
the two peſtles, puſhes forward the rice, when the peſtles are 
riſing; another ſifts, winnows, and lays it under the peſtles. In 
this manner they continue working it, until it is entirely free 


from chaff and huſks. When clean, they add a thirtieth part of 


falt, and pound them together ; by which the rice, formerly grey, 
becomes white. After this fining, it is paſſed through a tine ſieve, 
to part the ſalt from the rice; and then it is ready for ſale. Da- 
miata ſells every year. ſixty thouſand ſacks of rice, the greateſt 
part of which goes to Turkey. Some to Leghorn, Marſeilles, 
and Venice. 1 | 7 


n CORE 


CUINEA-CORN 1s the u⁰iα ⁰um arundinaceun of Caſpar Bauhin, 
the Holcus ſorghum of Linnzus. The ſtalks are large and compact, 
and full eight feet high. In Senegal, the fields are entirely co- 
vered with it. The negroes, who call it gaiarnot, cover the 
ears, when ripe, with its own leaves, to ſhelter it from the ſpar- 
rows, which are very miichievous in that country. The grain, 
made into bread, or otherwiſe uſed, is eſteemed very wholeſome. 
It is with this that the ſlaves in the Weſt Indies are generally 
fed, eacn being allowed from a pinr to a quart every day. The 
Juice of the ſtalks is fo agreeably luſcious, that if prepared as the 
ſugar-cane, they would afford an excellent ſugar. The Negroes 
on the coaſt of Guinea, make of two forts of millet, a thick 
grained pap, called corſcous, which is their common food. 
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Tus fhrub, formerly deſcribed by Dr. Breynius, in his 
« Century of Exotic Plants,” publiſned at Dantzick, in 1678, is 
of a very flow growth, and diminutive ſize. It has a black, 
woody, irregularly branched root. The riſing ſtem ſoon ſpreads 
into many irregular branches and twigs. Theſe, at the lower 
end, and near the ground, often ſeem to be more in number 
than they really are; for ſeveral ſeeds being put together in one 
hole, it frequently happens, that two, three, or more ſhrubs grow 
up together, and fo cloſe to one another, as to be eaſily miſtaken 
for one, by ignorant, or leſs attentive obſervers, The bark is 
dry, thin, weak cheſnut- coloured, firm, and adheres cloſely to 
the wood. It is covered with a thin {kin, which being re- 
moved, the bark appears, of a greeniſh colour, bitter, nauſeous, 
and aſtringent taſte, with a ſmell much like the leaves of hazel-" 
nut-tree, only more diſagreeable and offenſive. The wood is hard, 
fibrous, of a greeniſh colour, inclining'to white, and of a very 
offenſiwe ſmell, when green. The pith is very ſmall, and ad- 
heres cloſe to the wood. The branches and twigs are ſlender, 
of different ſizes, irregularly beſet with fimple leaves, ſtanding 
on very ſmall, fat, green foot-ſtalks, and reſembling, when full 
grown, the leaves of the garden cherry-tree; but when young, 
tender, and gathered for uſe,” thoſe of the common ſpindle-tree,, 

the colour only excepted. The leaves are ſmooth on both ſides, 
cloſely and unequally ſawed on the edge, of a dirty dark-green 
colour, which is ſomewhat lighter on the back, where the nerves. 
being raiſed conſiderably, leave ſo many hollows, or furrows on 
the oppolite fide. They have one very conſpicuous. nerve in 
the middle, which is branched out on each fide into five, fix, or 
ſeven thin tranſverſe ribs, of different lengths, and bent back- 
wards, near the edges of the leaves; between theſe tranſverſe: 
ribs, runs a number of ſmall veins. The leaves, when freſh,” 
have no ſmell at all, and though aſtringent and bitteriſh, as 
obſerved above, are not nauſeous, as the bark. They differ 
very much in ſubſtance, ſize, and ſhape, according to their age, 
and the ſituation and nature of the foil in which the ſhrub is 
planted. ' From the wings of the leaves come forth the flowers 
in autumn. Theſe continue to grow till late in winter, and are, 
compoſed of fix petals, one or two of which are generally ſhrunk,” 
and fall far ſhort of the largeneſs and beauty of the others. The 
foot-ſtalk of the flower is about half an inch long, and ends in 
fix very ſmall green leaves, which ſerve inſtead of the calyx, or 
fower-cup: © This deſcription, applied by Kæmpfer to the 
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ſhrub which, as he pretends, produces all the different ſorts, or 
preparations of tea, correſponds, ſays I. innæus, to a particular 
ſpecies only, termed by him Bohea; for ſome tea-plants, he 
_ obſerves, after Dr. Hill, produce flowers compoſed of nine petals, 
which muſt therefore conſtitute a diſtin& ſpecies from ſuch as 
have only ſix, From this circumſtance is conſtructed the other 
ſpecies of that author, thea viridis, or green tea, the flowers of 
which have always nine petals. | 
To proceed in our deſcription. Within the petals, which are 
of a very unpleaſant bitteriſh taſte, are placed many white ſta- 
mina, exceedingly ſmall, as in the wild roſe, with yellow heads, 
in ſhape not unlike a heart. Kæmpfer reckoned in ene flower, 
two hundred and thirty of theſe ſtamina. To theſe flowers ſuc- 
_ ceed the fruits, in great plenty; theſe are compoſed of one, two, 
but moſt commonly of three capſules, of the bigneſs of wild- 
plums, adhering, like the ſeed-veſſels of the pal ma- chriſti, to 
one common foot-ſtalk, as to a centre, but divided into three 
pretty deep partitions. The ſtriking circumſtance of its tri- 
capſclar fruits ſeem naturally to point out its connection and 
affinity with thoſe plants which poſſeſs the ſame remarkable 
character. Each capſule contains a huſk, nut, and ſeed, The 
kernel, or ſeed, is reddiſh, of a firm ſubſtance, like filberds, con- 
tains a great quantity of oil, and is very apt to grow rank, which 
is the rcaſon why there are ſcarce two in ten that will germinate 
when ſown, he natives make no manner of uſe of either the 
flowers or kernels, | | 
1 he ſhrub muſt be, at leaſt, of three years“ growth, before the 
leaves, which it then bears in plenty, are fit to be plucked. In 
ſeven years? time, or thereabouts, it riſes to a man's height; but 
as it then grows ſlowly, and bears but few leaves, the natives 
generally cut it down to the ſtem, after having firſt gathered 
what few leaves it produces. The next year, out of the re- 
maining item proceed many young twigs and branches, which 
bear {ſuch abundance of leaves, as ſufficiently compenſate for 
the loſs of the former ſhrub. Some defer the operation of 
cutting down the ſtem till the ſhrub is of ten years? growth. 
The leaves muſt not be torn off by handfuls, but plucked 
carefully, one by one, and are not to be gathered all at once, but 
at different times. Thoſe who pluck their ſhrubs thrice a year, 
begin their firſt gathering about the end of February. The 
ſhrub then bears but a few leaves, which are very tender and 
young, and not yet fully opened, as being ſcarcely above two or 
three days growth. 'I heſe ſmall and tender leaves are reckoned 
much better than the reſt, and, becauſe of their ſcarcity and 
price, are diſpoſed of only to princes and rich people; for 0 
reaſon 
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reaſon they are called Imperial-tea, and by ſome the flower 
of tea. The ſecond gathering, and the firſt of thoſe who 
gather but twice a year, is made about the latter end of 
March, or beginning of April; ſome of the leaves are then 
already come to perfection, others are but half grown; 
both, however, are plucked off promifcuouſly; though care is 
afterwards taken, previouſly to the uſual preparation, to arrange 
them into clafles, according to their ſize and goodneſs. The 
third and laſt gathering, which is alſo the moſt plentiful, is made 
in the end of May, when the leaves have attained their full 
growth, both in number and ſize. The leaves of this gather- 
ing are arranged in like manner as the former, according to their 
ſize and goodneſs, into different clafles, the loweſt of which con- 

tains the coarſeſt leaves of all, being full two months grown, and 

that ſort which is commonly drank by the vulgar. 

Ihe preparation of the leaves conſiſts in drying, or roaſting 
them when freſh gathered, over the fire, in an iron pan, and rolling 
them, when hot, with the palm of the hand on a mat, till they 
become curled. The particulars of this preparation, as related b 
the ingenious author, from whom this deſcription is en 
are much too tedious for our purpoſe. The reader is therefore 
referred to the work itſelf. Vide Kæmpfer's Hiſtory of Japan, 
vol. 2, appendix 1. | 

The tea after having undergone a ſufficient roaſting and curl- 
ing, muſt, when cold, be put up, and carefully kept from the air. 
In this, indeed, the whole art of preſerving it chiefly conſifts; 
becauſe the air, in theſe hot climates, diſſipates its extremely ſub- 
tile and volatile parts much ſooner than it would in our colder 
European countries. The Chineſe put it up in boxes of coarſe 
tin, which, if they be very large, are incloſed in wooden caſes 
of fir, all the clefts being firſt carefully ſtopped both within 
and without. After this manner alſo it is ſent abroad into 
foreign countries. The Japaneſe keep their ſtock of the com- 
mon tea in large earthen pots, with a narrow mouth. The 
better ſort of tea, that which the emp:ror himſelf, and 
the great men make uſe of, is kept in porcelain pots or veſſels, 
which is ſuppoſed to improve its virtues. The coarſe tea of 
the third gathering, is not ſo eaſily injured by the air as the 
other forts ; for though its virtues are comparatively fewer, and 
leſs ſenſible, yet are they more conſtant and fixed. The coun- 
try people keep it, as well as the other forts which they uſe, in 
ſtraw baſkets, made like barrels, which they put under the roofs 
of their houſes, near the hole which lets out the ſmoke; being 
of opinion, that nothing is better than ſmoke to preſerve the 
virtues of the leaves, and even improve them. Some put it up 
with common mug-wort flowers, or the young leaves of a plant 
called ſaſanqua, which they —_ renders it much more agree” 
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able. Other odoriferous and aromatic ſubſtances are found, 


upon trial, to produce no ſuch beneficial effect. | | 

The tea, as it is taken for drink, is prepared in two different 
ways. The firſt, uſ:d by the Chineſe, and now all over Europe, 
is nothing but a ſimple infuſion of the leaves in hot water. 
The other way, which is peculiar to the Japaneſe, is by grind- 
ing. In this preparation, the leaves are, by means of a hand- 
mill, made of a black greeniſh ſtone, called ſerpentine ſtone, 
reduced into a fine delicate powder, which being mixed with 
hot water, into a thin pulp, is afterwards ſipped. This tea is 
called thick- tea, to diſtinguiſh it from the ſimple infuſion, and 
is drank every day by all the rich people and great men in 
Japan. 
The narcotic quality of the freſh unprepared leaves of tea, 
mentioned above, is deſtroyed, in a great meaſure, by a repeated 
and gradual roaſting. This operation renders it exhilarating, 
refreſhing, and cleanſing. Kempfer obſerves, that tea is par- 
ticularly ſerviceable in waſhing away that tartarous matter 
which 1s the efficient cauſe of calculous concretions, nephritic 
and gouty diſtempers ; and affirms that among the great tea- 
drinkers of Japan he never met with any who: were' troubled 
with the gout or ſtone. | 

The leaves of tea, fay writers on the Materia Medica, are 
much more uſed for pleaſure than as medicine; the bohea, how- 


ever, is eſteemed ſoftening, nouriſhing, and proper in all in- 


ward decays; the green is diuretic, carries an agreeable rough- 
neſs with it into the ſtomach, which greatly aſtringes the fibres, 
and gives them ſuch a tenſity as is neceſſary for a good digeſ- 
tion. Improper, or exceſſive uſe, may no doubt, render this, or 
any thing elſe, prejud:cial ; but, in general, there are very few 
herbs employed, either in food or medicine, which, uſed with 
moderation, are better, pleaſanter, or ſafer than tea. | 

After the moſt diligent enquiries that I have been able to 
make, I do not find, that the tea-plant grows naturally beyond 
the thirty fifth degree of north latitude on the one hand, and the 
forty- fifth degree on the other. 


CINNAMON. 


THE CINNAMON-TREE, the laurus cmnamomum of Linnæus, 
is a native of the iſland of Ceylon, in the Eaſt Indies. The leaves 
have three beautiful nerves, which run through the diſk or ſur- 
face, and diſappear towards the top. The tree has three barks 
or rinds: the firſt and ſecond are only uſed ; the third, and in- 
nermoſt, which inclofes the body of the tree, is never touched; 


not, as ſome have pretended, becauſe it is of no value, but be- 


I | cauſe 
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cauſe an inciſion in it kills the tree. Aftet three years time, the 
two extreme barks are renewed, and fit to be pulled off. When 
the Dutch, ſay ſome authors, who ingroſs the whole trade of this 
and the other ſpiceries, are apprehenſive of abating the value of 
cinnamon, by ſending home too great abundance, and thereby 
glutting the European markets, they lay it on an heap, and burn 
as much of it as they imagine uſeleſs for their ſervice ; which 
ſpicy mountain ſends out its fragrant exhalations for many 
leagues into the ſea; fo that of theſe coaſts, it may be truly 
affirmed, in the beautiful language of Milton, that 


& Pleas'd with the grateful ſmell, old Ocean ſmiles.” 


The Dutch, not remarkable for honeſty in any of their dealings, 
are particularly fraudulent in conducting the ſpice trade: for 
they frequently extract a quantity of oil, eſſence, or ſpirits, from 
the cinnamon or cloves; and then confidently expoſe them for 
choice untainted commodities : hence we often meet with ſeve- 
ral ſpiceries, cinnamon in particular, that are very dry and inſipid, 
almoſt devoid of ſmell or taſte, and pillaged of their oil and 
eſſential ſubſtance. The fruit of the cinnamon-tree yields, by 
coction and expreſſion, an oily ſubſtance, of which candles are 
made for people of the firſt rank; and from the neck of the root, 
is drawn a fine kind of camphor, of a ſpicy aromatic ſmell, very 
rarely to be met with in Europe. 


C LO XV $6. 


THE common CLOvE, a native of the Molucca iſtands, is the 
unripe fruit of the carophyllus aromaticus of *Fournefort and 
Linnæus. The ripe fruit, the mother cloves, or antophilli of 
the ſhops, is ſeldom ſeen. It is a ſecret among ſome, who deal 
largely in cloves, to keep them in a cellar or other damp place, 
where they will ſwell and increaſe conſiderably in weight, and 
look much better, though they are, in effect, much worſe, than 
before ſuch management. The fable of the other trees bending 
to the royal clove, mentioned by Pamet and Lemery, 1s to 
be taken as a figurative expreſſion. "The inhabitants of the 
iſland of Maſſia in the Eaſt-Indies, where the royal clove grows, 
ſtring the fruit and make beads of it, which they wear about 
their necks, on account of the fragrancy of the ſmell. 

Cloves, before they have attained maturity, are of a delight- 
ful colour. Some authors relate, that they are originally pof- 
ſeſſed of ſuch an attractive ſpungy quality, as frequently to drain, 
with facility, any liquid that ſtands near them; ſo that, unleſs 
the maſter of the ſhip, which conveys them from the iſlands, is 
very careful to keep them at. a convenient. diſtance 75 his 

| _ liquors, 
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liquors, a quantity of them will, in two days' time, exhauft and 

dry up a hogſhead of wine or water. 
PIMENT O. 


PiIMENTO, ALL-SPICE, or JAMAICA-PEPPER, is the dried 


_ enripe fruit of the piper odoratum Famaicenſe of Ray, the myrtus 


pimento of Linnæus; the bay-berry-tree of ſome authors, It 
is a round fruit, with a duſkiſh, hard, rough, umbilicated rind, 
containing within it two black kernels, of an aromatic ſmell and 
taſte, approaching to that of cloves, yet partaking, in fome de- 
gree, of the odour and taſte of ail the other ſpices, whence it 
has obtained the name of all-ſp:ce. The tree which produces it 
riſes to the height of thirty or forty feet; and in a rich ſoil will 
grow even to the height of a hundred feet. The leaves are 
like thoſe of the bay, but of a much ſtronger aromatic fmell ; 
the flowers ſtand in bunches, and are of a greeniſh colour; theſe 
are ſucceeded by the fruit, which the Negroes gather before it 
is ripe, and dry in the ſun; in drying, it becomes wrinkled and 
brown, though formerly ſmooth and green. The tree grows na- 
turally in hilly places, in the north part of Jamaica, 

At Chriſtmas, they uſually adorn their churches, in the Weſt- 
Indies, with, ſmall boughs of pimento; as the churches in 
England are decked with holly and ivy, at that facred ſeaſon. 


B AN A N A. 


THe fruit of the BANANA-TREE is four or five inches long, 
of the ſize and ſhape of a middling cucumber, and of a highly 
grateful flavour; the leaves are two yards long, and a foot broad 
in the middle; they join to the top of the body of the tree, and 
frequently contain in their cavities a great quantity of water, 
which runs out, upon a ſmall inciſion being made into the tree, 


at the junction of the leaves. Bananas grow in great bunches, 


that weigh a dozen pounds and upwards. The body of the 
tree is ſo porous, as not to merit the name of wood: the tree 
is only perennial by its roots, and dies down to the ground every 
autumn. . 

When the natives of the Weſt-Indies, ſays Labat, under- 
take a voyage, they make proviſion of a paſte of banana; which, 
in caſe of need, ſerves them for nouriſhment and drink; for this 
purpoſe, they take ripe bananas, and having ſqueezed them 
through a fine ſieve, form the ſolid fruit into ſmall loaves, which 


are dried in the fun, or in hot aſhes, after being previouſly 


wrapped up in the leaves of Indian flowering- reed. When 


they would make uſe of this paſte, they diſſolve it in water, which 
| is 
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is very eaſily done, and the liquor, thereby rendered thick, has 
an agreeable acid taſte imparted to it, which makes it bych re- 
freſhing and nouriſhing. | | 

The banana is greatly eſtzemed, and even venerated, by the 
natives of Madeira, who term it the forbidden fruit, and reckon 
it a crime almoſt inexpiable to cut it with a knife; becauſe, after 
diſſection, it exhibits, as they pretend, a fimilitude of our 
Saviour's crucifixion; and to cut the fruit open with a knife, 
is, in their apprehenſion, to wound his ſacred image. 

Some authors have imagined, that the banana-tree was that 
of the leaves of which our firſt parents made themſelves aprons 
in Paradiſe. The ſaered text, indeed, calls the leaves employed 
for that purpoſe, fig-leaves; and Milton, in a moſt beautiful, 
but erroneous. deſcription, affirms the bearded, or Bengal fig, 
to have been the tree alluded to. But, beſides that the fruit of 
the banana is often, by the moſt ancient authors, called a fig, its 
leaves, by reaſon of their great ſize and ſolidity, were much 
more proper for a veil, or covering, than thoſe of the Bengal fig, 
which are ſeldom above ſix or eight inches long, and three 
broad. On the other hand, the banana-leaves being three, four, 
and five feet long, and proportionably broad, could not fail to be 
pitched upon, in preference to all others; eſpecially as they 
might be eaſily joined, or ſewed together, with the numerous 
thread-like filaments, that may, with the utmoſt facility, be 
peeled from the body of this tree. | 


YAMS. 


Y ans, the root of the dioſcorea bulbifera of Linnæus, are the 
principal food of the negroes in the Weſt-Indies. The {kin is 
pretty thick, rough, unequal, covered with many ſtringy fibres 
or filaments, and of a violet colour, approaching to black. The 
inſide is white, and of the conſiſtence of red beet; it reſembles 
potatoes in its mealineſs, but is of cloſer texture. When raw, 
theſe roots are viſcous or clammy ; when boiled, or roaſted, they 
afford very nouriſhing food, and are often preferred to bread, by 
the inhabitants of the Weſt-Indies, on account of their lightneſs 
and facility of digeſtion. The ſtem of the plant is ſquare: 
when placed by itſelf, it trails upon the ground, and ſtrikes root 
at proper diſtances ; but when planted in the neighbourhood of 
buſhes or trees, it avails itſelf of their ſupport, climbs, and in a 
thort time, covers every place to which it can penetrate. The 
leaves are oppoſite and ſhaped, like a heart; they are of a dark- 
green, pretty thick, and ſucculent. The flowers, which are ſmall 
and bel]-ſhaped, grow in ſpikes from the wings of the leaves, 
and are ſucceeded by dry capſular fruits, each containing —_— 
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ſmall, flat, black ſeeds. The plarit, which is a native of Africa 


and tlie Eaſt-Indies, is propagated by the eyes of the root, in the 
ſame manner as potatoes and Jeruſalem artichokes. When firſt 


dug out of the ground, the roots are placed in the ſun to dry; 


after which, they are eicher put into ſand, dry garrets, or caſks, 
where, if kept from moiſture, they may be preſerved whole 
years, without being ſpoiled, or diminiſhed in their goodneſs. 
Two or three pounds is the common weight of this root; ſome 
yams, however, weigh twenty en and e 


CAS HE W. NU-F. 


Tre CASHEW-NUT, or ACAJOU, is a native of both the 
Indies. It is a long, wide-ſpreading tree, and ſeldom exceeds 
twenty feet in height; the branches are crooked, ſtraggling, and 
covered with oval leaves, reſembling thoſe of the ivy, or Eng- 
liſh dwarf- apple. The flowers are ſmall, white, and cut into 


' ave ſegments or diviſicns. Theſe are ſucceeded by the fruit, 


which is generally of a yellow colour, as large as an orange, of a 
conical form, with the. leffer end towards the ſtalk on which it 
grows. At che greateſt end, or outſide top of this fruit, ſome- 
times called the cherry, grows the ſtone, commonly ſtyled the 
nut, quite bare, in the exact ſhape of a ſheep or hare's kidney, 
about an inch long, containing within it a large white kernel, 
of a fine taſte, which is roaſted and eaten. The. inſide of the 
fruit or cherry is very ftringy, and full of rough, aſtringent, 
but pleaſant juice, which in America is frequently uled, like 
that of lemons with us, in making punch. 

The outer ſhell of the nut is of an aſh-colour, and very ſmooth. 
Under this outer rind is another, which covers the kernel ; be- 
tween them is a thick black inflammable oil, which is oy 
cauſtic. 

When the Weſt- lä young ladies \fanop themſelves too 
much tanned by the ſcorching rays of the ſun, they gently ſcrape 
off the thin outſide ſkin of the ſtone, and then rub theit faces all 
over with the ſtone. Theſe immediately ſwell, and grow black; 
and the ſkin being thus poiſoned, will, in the ſnace of five or fix 
days, come entirely off the face, in large flakes, ſo that they can- 
not appear in public under a full fertnight; by which time the 
new kin looks as fair as that of a young child. 

The negroes in Braſil cure themſelves effectually of diſorders 
in the ſtomach, by eating of the yellow fruit of the acajou; the 
juice of which being acid, cuts the thick tough numour which 
obſiructed the free Liu ion of the blood; and thus removes 
the complaint. This cure, however, is not voluntary; for their 
maſters, the Portugucſe, deny them any other ſuſtenance; and 


: | letting 
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letting them looſe to the woods, where the caſhew-nuts grow in 
great abundance, leave it in their option to periſh by famine, or 
fuſtain themſelves with what Nature has provided them,—lIt is 
this neceſſity which leads them to the fruit of the acajou, of 
which they are not fond; and after continuing the uſe of it for 
ſome days, they return to their maſters perfectly recovered from 
their indiſpoſition, and endued with ſtrength to perform their 
cuſtomary labour. 

The milky juice of the caſhew-tree will ftain linen of a deep 
black, which cannot be waſhed out again. 


Vegetables producing Poiſcnous. 
MANCHINE EL. 


TE fruit of the MANCHINEEL-TREE is one of the moſt 
powerful cauſtics, and, taken internally, never fails to prove 
mortal, if large quantities of oil be not immediately ſwallowed, 
to excite vomiting, and ſheath the viſcera, before the cxaltic 
juice has operated. 'The tree bears a great reſemblance to the 
pear- tree; the bark is ſomewhat thicker, and filled with a white 
viſcous corroſive milk; the wood under the alburnum is greyiſh, 
and beautifully marked with eyes of different tints or colours, 
Ihe cauſtic and poiſonous quality is not peculiar to the fruit, it is 
to be found alſo in the leaves, in the wood, in the milk of the 
bark, and even in its ſhade, by ſleeping under it. 

The tree, which is commonly large, grows in the Weſt- 
ſndies, on the banks of rivers, or on the ſea-ſhore, being rarely 
found at a diſtance from the water. When it rains, one muſt 
> cautious of going under this tree for ſhelter, as the rain falling 
(rom its leaves on the hands, and other parts of the body, 
raiſes bliſters on the fleſh, as if boiling oil had fallen upon it, 
gether with a very painful itching, which continues for a long 
tine. Tf it falls into the eyes, it will endanger the eye- ſight; or 
if by chance one ſhould rub them with his hand, moiſtened with 
this water, a conſiderable ſwelling i is occaſioned, which from be- 
ing red, becomes livid and full of pus. 

The wood is no leſs dangerous to work, unleſs perfectly dry, 
and even its duſt or ſawings are poiſonous, Before it is touched, 
the workmen amais dry wood around its feet, ſet fire to it, and 
keep at a diſtance for fear of any bad conſequences from the 
ſmoke. When they think the fire has totally conſumed its hu- 
nidity, they apply the hatchet, taking care to have their faces and 
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arms covered with a towel or napkin, leſt the duſt flying out of 
it, or the milky humidity which may have remained unevaporated, 
fhould fly in their faces, mouths, eyes, or hands. The fawyers 
uſe the ſame precautions, as well as the turners, who work it into 
tables, cabinets, and all forts of houſehold furniture, which are 
greatly eſtecmed for the uncommon beauty of the wood. 

The Indians uſe the milk of the manchineel-tree to poiſon 
their arrows ; for this purpoſe they make a cleft in the bark, and 
inſert the end of their arrows, which imbibes the liquor flow- 
ing out of the wound, that is as white as milk, but thicker and 
more gluey. The arrows ſo, envenomed, are ſuffered to dry; 
and where they make a wound, they poiſon at the ſame time. 

Thoſe who ſleep under the manchineel- tree, find themſelves, 
on awaking, prodigioufly ſwelled, with a very violent megrim, 
and a dangerous fever. By force of citron-juice and cordials, 
the venom is often extirpated, | 

A ſpecies of cuphorbia, termed efula, if applied to any part of 
the body, produces a violent inflamation, which is ſoon ſuc- 
ceeded by a conſiderable ſwelling, that degenerates into a gan- 
grene, and proves mortal. : 

IpECACUANHA, that well known medicine, is the root of 
another ſpecies of the fame genus, the euphorbia ipecacuanhæ 
of Linnzus. Sterculia (/tercus, dung) derives its name from 
the fœtid ſmel. of the wood, which is faid to reſemble that of 
human excrements; whence the name of dirt-wood, by which 
it is known in the hot countries, where it is native. 


„V 


Tk root of cass apa or MANIHOT, being diveſted of its 
poiſonous juices, ferves for bread to moſt of the inhabitants of 
the Weſt-India iflands, whether black, white, or red; that is, 
Negroes, Europeans, and Natives. The ſhrub, ſometimes 
called MANioc, riſes ſeven or cight feet high, with a thin bark, 
that is grey, red, or violet, according to the different colours of 
the wood which it covers. The trunk and branches are filled 
with {mail prominences or knots, exhibiting the veſtiges of the 
fallen leaves; for as the tree increaſes in height, the leaves re- 
linquiſh the bottom of the branches, and are only to be found 
n ar the top. The wood is ſoft and brittle. The plant is better 
pro agated by layers than from feed; at leaſt, little of the root 
pre pe tor cating is to be obtained by the latter method. The 
pri. Cipal root produces ſuckers, in number from four to ſeven, 
a d of different lengths and thickneſs, according to the age of the 
trec and goodnet> of the ſoil. 1 he bark of the roots is like 
that of the trunk, grey, when the wood is grey; red, when 5 ; 
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white, when white; but the inſide, or heart, 1 is always white, and 
of the conſiſtence of turnips. | 

The roots of white manioc are ripe in eight months; thoſe of 
the other kinds require fourteen or eighteen months to attain their 
their full ſize and maturity. When ripe, they are plucked out 
of the earth by tearing up the whole tree, which never fails to be 
accompanied by the root; and, if in that operation, any of the 
off-ſets ſhould be ſeparated from the main root, which is eafily 
obſerved, they take them up with a hoe. It requires no great 

force to pluck up theſe ſhrubs; for, beſides that the ſoil is of a 
ſoft nature, the roots do not penetrate very deeply into it. 

When plucked up, the negroes deſtined for this work, grate 
or raſp the bark with a blunt knife, as is done to turnips, and 
then throw them into a tub full of water; they are then reduced 
to a powder or meal, reſembling coarſe ſaw ings of wood; this is 
effected by rubbing the root very forcibly againſt a copper 
file or grater, about fifteen or eighteen inches long, and ten or 
twelve broad, that is faſtened by ſmall nails upon a plank of 
timber, three foot and a half long, and one broad. The negro 
who files, puts one end of the plank into a wooden trough or tub, 
and holds the other againſt his ſtomach; at his ſide is a baſket, 

containing roots that are raſped, waihed, and fit for being filed; 
one of theſe he takes in each hand, and paſles it violently upon the 
file or grater till it is reduced to a rough powder. 

All the roots being grated in this manner, they take the pow- 
der and put it into a preſs, with a view to fqueeze out the juice, 
which is regarded as a very ſtrong poiſon, not only for men, but 
for beaſts alſo, who drink of it, or chance to eat of theſe roots be- 
ſore che juice is expreſſed. It is remarkable, that animals which 
die in conſequence of having ſwallowed any quantity of this ſub- 
ltance have their breaſts prodigiouſly ſwelled, without any viſible 
alteration on the nobler parts. Some have hence argued that the 
juice in queſtion is not eflentially a poiſon ; but that poſſeſſing a 

| luperfluity of nouriſhment, it proves an over-match to the di- 
/ geſtiye faculties, and thus proves mortal. 
i Beſide this ſuperabundance of nouriſhment, ſays Father Labat, 
a part of its malignity conſiſts in its coldneſs, which ſtops the 1 
circulation, benumbs the animal ſpirits, and at length cauſes 1 
„ death: hence the beſt antidote againſt this poiſon is heat and vio- | 
; lent motion, 1 he patient after iwallowing large quantities of | 
f dil, to excite a nauſea and vomiting, is made to run as quick as he 
can, and drink plen:ifully of the ſtrongeſt ſpirits; in fine every 
method is uſed to extite violent heat, to rouſe the ſpirits, and put 
the blood in motion. 

Animals which have accuſtomed themſelves inſenſibly to the 4 
7 juice of manioc, feel no inconvenience from the root of it, but q 
; L 2 rather 1 
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ther the contrary. So the Turks, by a gradual and conſtant uſe, 
have rendered opium a harmleſs and even exhilarating me- 
dicine. 

The juice of the manioc loſes its malignity when heated. The 
natives of the Weſt-Indics, who uſe it in all their ſauces, feel no 
ſort of inconvenience from it, becauſe they never uſe it till after 
it is boiled. Of the ſame juice they make ſtarch, by drying it 
in the ſun, where it becomes as white as ſnow, and is frequent! 
made into cakes, which are as delicate as if made with the gnefl 
wheat - flour. | . 

When the manioc is ſufficiently preſſed, they either make it into 
bread, called caſſada, or into flour, for preſerving. For the firſt- 
mentioned purpoſe, they have a plate of iron, two feet broad, and 
half an inch thick ; this they place upon a tripod, or on ſtones, 
and kindle a fire below it. When ſufficiently heated, fo as not 
to admit of the touch, they lay on the whole ſurface about the 
thickneſs of three fingers of manioc, which has been previouſly 
preſſed and ſifted. The heap falls down in proportion as it roaſts; 
and che parts join and incorporate. T his compreſſion and incor- 
poration is aided by the perſon who roaſts ſlightly paſſing a piece 
of wood over the plate. When the ſide of the eake next the 
plate, is ſufficiently done, that is, adheres, and the colour, formerly 
very white, becomes very red, it is turned, and the other fide al- 
lowed to roaſt till the fame ſymptoms appear. When roaſted it is 
laid in the ſun for two or three hours, with a view to diſſipate any 
poiſonous humidity which may {till lurk in the root, under this 
new form. | | | | 

The inſide of caſſada is as white as ſnow, the ſides of a pale 


gold colour; the ſubſtance, which is very nouriſhing, and of eaſy 


digeſtion, may be preſerved ſeven or eight months, or more, pro- 
vided it is xepc dry, and ſometimes expoſed to the ſun. When 
dipped in water or put into ſoup, caſſada {wells to a great height, 
which ſeems to prove its great abundance in ſubſtance. 

The other mode of preparation, however, is moſt common, as 
being more convenient for preſerving, diſtributing to the negroes, 
and tranſporting from place to place. Ihe manioc, in this cafe, 
is put into a pan or ſtove, that is but ſlightly heated, where it is 
continual y turned, like cofree-beans, with a {nail wooden inſtru- 


ment, contrived for that purpoſe, This motion prevents it from 
ſticking to the pan; ſo that when dried and roaſted, it has the 


appearance of thick red grains of ſalt. This mode of preparation 


1s much more expeditious than the former. When dried, it is 


put in granarics, wiiere it may be preſerved whole years, if kept 


dry, or put into a ſtoy< every fix months. 


This ſubſtance may be eaten quite dry, as crumbled bread, or as 


the 
0 ut 
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che Turks eat roaſted rice. When moiſtened, it ſwells prodi- 
ouſly. | 

This latter method of preparing manioc 1s never praCtiſed by 
the natives, who uſe only caſſada, which they prepare only once 
every day, or oftener, as occaſion requires z for they eat 1t quite 
hot, as being then more delicate and agreeable to the tai.e. Be- 
fore their intercourſe with the Europeans had procured them iron 
plates, they made their caſſada upon large flat ſtones, whoſe thick- 
neſs they adjuſted to that purpoſe. In default of copper files or 
orates, they made uſe of a plank of wood, in which were fixed 
very {mail ſharp bits of pebbles. | | 0 

One ſpecies of manioc is ſaid to be exempt from the poiſonous 
quality poſſeſſed by the juice of the others; it is called camanioc, 


that is chief of maniocs; in fact, its wood, leaves, and roots are 


larger and thicker than the others, and it is eaten without danger, 


or any precaution; but as it is longer in growing and ripening, 


and the roots yield much lefs meal, becauſe lighter and more 
pungy; it is generally neglected. 

The ſmall bits of mamioc waich have eſcaped the grater, and 
the clods which have not pailed the fieve, are not uſeleſs. I hey 
are dried in the ſtove, after the flour is roaſted, and then pounded 
in a mortar, to a fine white powder, with which they make ſoup. 
It is likewiſe uſed for making a kind of thick coarſe caſſada, 
which is roaſted till almoſt burnt ; of this, fermented with melaſ- 
ſes and \Veſt-Indian potatoes, they prepare a much eſteemed drink, 


or beverage, called ouycou. This liquor, the favourite drink of 


the natives, is ſometimes made extremely ſtrong, eſpecially on 
any great occaſion, as a feaſt; with this they get intoxicated, and, 
remembering their old quarrels, maſſucre and murder each other. 


Such of the inhabitants and work men as have not wine, drink 
ouycou. It is of a red colour, ſtrong, nouriſhing, refreſhing, and 


caltly inebriates the inhabitants, wlio ſoon accuſtom themſelves 
to it as eafily as beer. 

The leaves of manioc are uſed ini both Indies, as thoſe of ſpi- 
rage are with us. 


TOXICODENDRON. 


Tre exhalations of tne PoiSON-TREE (TOX!CODENDRON) 
which Linnæus has joined, fomewhat improperly, to the ſu- 
machs, are ſaid to produce ſmall red ſpots on the ſkin, not un- 
like thoſe eruptions vulgarly known by the name of St. An- 
thony's Fire. The ſlighteſt touch of the leaves produces very 
violent itchings, which are ſometimes followed by an inflani- 


n-tion and ſwelling. If the juice of any ſpecies of the poĩſon- 


tree is ſuffered to remain but for a few minutes on the ſkin, it 
vccalions puſtules, which are ſometimes miſtaken for the itch- 
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The wood of the poiſon-tree, when burnt, emits a very noxious 
_ fume, which is ſaid to ſuffocate animals that are expoſed to it. 

IJhe juice of ſome poiſon-trecs, When expoſed to the heat of 
the fun, becomes ſo retinous and clammy, that it proves a good 
bird-lime, and is uſed with great ſucceſs tor that purpoſe. 

A cataplaſin of the new extracted juice of a ſpecies of poiſon- 
tree, mentioned by Hughes, in his “Natural Hiſtory of Barba- 
docs,” applied to the feet, is ſaid to kill the vermin, called by 
the Weſt-Indians, chighers. 

Ihe Americans, it is ſaid, pretend to diſtinguiſh the poiſon-aſh 
(rhus vernix) by the touch, in the dark, from its extreme coldneſs. 


| DOGWOOD. 
Doc woop- TREE, the piſcidia eryioririg of Linnæus, which 


grows plentifully in the Weſt-Indics, is chiefly noted for the 
quality ſaid to be poſſeſſed by its bark, of intoxicating fiſh, 


Which, by that means, become an eaſy prey to thoſe who em- 


ploy this ſtratagem againſt them. When any number of gentle- 
men have an inclination to divert themſelves with fiſhing, or more 
properly ſpeaking, with fiſh-hunting, they ſend each of them a ne- 
gro- ſlave to the woods, in order to fetch fome of the bark of 
the dogwood- tree. This bark is next morning pounded very 
ſmall with ſtones, put into whole ſacks, carried into rocky parts 
of che fea, ſteeped till thoroughly ſoaked with ſalt-water, and 
then well ſqueezed by the negroes to expreſs the juice; this 
juice immediately colours the ſca with a reddiſh hue, and being 
of a poiſonous nature, will, in an hour's time, make the fiſhes, 
uch as groopers, 10Ck-iin, old wives, welchmen, &c. ſo drunk, 
or intoxicated, as to ſwim on the furface of the water, quite 
heedleſs of the danger; the gcatiemen then ſend in their ne- 
gross, who purſue, both ſwuwnming and diving, the poor inebri- 
ated fiſhes, till they catch them with their hands; their maſters, 
mean- time, ſtanding by, on high rocks, to ſee the paſtime. 

It is remarkable, that though this poiſon kills millions of the 
ſmall fry, it has never been known to impart any bad quality to 
the fin which have been caught in conicquence of the intoxi- 
CitlOn, | 

The wood of this tree, although pretty hard, is only fit for 
fuel; and even for this purpoſe, the negroes very ſeldom, if every 
employ it, on account of its itnguiar quality, juſt mentioned. 
'The bark is rough, brown, and thick; the tree ſends forth a 
conſiderable number of bronches, and is well clothed with leaves, 
which reſemble thoſe of the pea, are thick, cottony, and of a 
deep green. The bark uſed for the above-mentioned purpoſe, 
is Chtcty that of the roots. 


AR RO W- 
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AR ROW RO O. 


INDIAN ARROW-Roor is the only remedy yet known againſt 
wounds made by arrows poiſoned with the milky juice of the man- 
chineel- tree. The natives of the Caribbee Iſlands, where it na- 


turally grows, call it foulola; it reſembles Indian flowering-reed, 


except in its height, which ſeldom exceeds four feet; the flower is 
white, and 1s ſucceeded by a fruit with three ſides like a priſm, of 
a pale red, and very ſleek, containing a ſmall, wrinkled, or fur- 
rowed ſeed; the root is a long, white, jointed, watery, and mealy 
bulb, from which hang a great number of long dry fibres; the 
leaves are ſtrong, almolt as firm as parchment, of a light green, 
curl themſelves as ſoon as gathered, and are attached to the 
trunk by a long furrowed ſtalk; they are round below, four 
times longer than broad, and end in a point, like the extremity 
of a ſpear, or halbert. The root is pounded, infuſed in water, 
and made into ptiſan, which is drank by thoſe who have bden 
wounded with poiſoned arrows: it has the virtue of diffipating 
the v/745, and of preventing it from reaching the noble parts. 
The fame root bruiſed, and made into a cataplaſm, is applied 
externally to the wound, and with great efficacy, if quickly 
uſed ; but if delayed, though for a very ſhort time, the poiſon 
gains ground, corrupts the parts adjoining to the wound, and 
Faving communicated its virulence to the larger veſſels, proves 
mortal, Of the root of this plant is likewiſe made an ex- 
ceedingly fine ftarch, far ſurpaſſing that made with wheat. 


COTTON. F 


TRE filk corroN-TREE is a native both of the Eaſt 
nd Weſt Indies, and takes its name from the fine filk 
down with which the ſeeds are wrapped within the capſule, and 
witch, in different ſpecies, is of different colours, and in different 
egrees of eſtimation. The dark ihort down, or cotton, is ſeldom 
ned, except by the poorer ſort, for ſtung pillows or chairs; 
being generally eſteemed unwholeſome to lie upon. The beau- 
Ful purple down of the bembax villoſus is ſpun, wrought into 
clothes, and worn, without being dyed, by the inhabitants of 
the Spaniſh Weſt-Indies, where the tree naturally grows. 

Large pirogues, or canoes, fit to carry a fail, are made both 
t Senegal, and in America, of the ttunk of the filk cotton-tree, 
the wood of which is very light, and found unfit for any other 
purpoſe. In Columbus's firit voyage, fays Miller, it was re- 
Ported a canoe was ſeen at the iſland of Cuba, made of the hol- 
owed trunk of one of theſe trees, which was ninety-hve palms 
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long, of a proportionable width, and capable of containing a 


hundred and fifty men. 
Boſman, in his Deſcription of Guinea, ſays, he has ſeen of 


theſe trees ſo widely diffuſed, that 20,000 men, cloſely armed, 


might eaſily ftand under the branches. 

Cotton-wool is the produce of the ſinall, or ſhrubby cotton- 
tree. This plant grows in form of a buſh, and fends forth 
branches that ſtretch wide, and are garniſhed with leaves ſome- 
what leſs than thoſe of the ſycamore, but almoſt of the fame 
ſhape. It bears a great. many fine yellow large flowers, com- 
poſed of five petals, cach of which is tinged at the bottom with 
a purple colour. he ſeed-bud, which is of the ſame colour, 
is placed in the middle of the flower. It i 1s of an oval or conic 
ſhape, and grows in time to the {1ze of a pigeon's- egg. When 
ripe, it becomes black, and ſplits into three or four partitions at 
top, diſcovering the cotton, or down, which infolds the ſeeds, 
and appears white as ſnow, in as many flakes as there are cells, 
or internal diviſions in the capſule. In thefe flakes, which {well 
with the heat to a conſiderable bigneſs, are interſperſed ſeveral 
black ſeeds, as large as lupines, of a ſweet taſte, white within, 
oily, and adhering together. 

The cotton, of which, in the Eaſt-Indies, they make their 
figeſt calico, is too well known to require a farther deſcription. 
Suffice it to obſerve, with Mr. Hughes, in his Natural Hiſtory 
of Barbadoes, that indulgent Providence has ſufaciently ſupplicd 
the want of wool, Jon id to. the ſheep in the warmer climates, 
by cauſing a vegetable, in ſuch countries, to bear the fineſt 
wool in the world. 

The certainty of gathering a good crop of this kind, is very 
precarious; ſince it may be almoſt literally ſaid of this ſhrub, 


that in the morning it is green, and flouriſhes, and almoſt in the 


ſame evening, wit hers, and decays. For when the worms be- 
gin to prey upon a whole field of cotton- trees, though they are 
at firſt ſcarcely perceptible to the naked eye, yet, in "three days, 
they will grow to ſuch a fize, and prove fo deſtructive, as 
to reduce the moſt verdant he 1d, thickly and beautifully clothed 
with leaves and flowers, into a amol as deſolate and naked a con- 
dition as trees are in the month of December, in England: 
When theſe worms, which are of the caterpillar kind, have at- 
tained their full growth, they ſpin and inwrap the emſelves as in a 
bag, or web, like filk worms, in the few remai: ning leaves, or 
any other covering: and after a few days“ reſt in this their 
Aurelia ſtate, turn into dark-coloured moths, and fly away. 
Cotton-flowers, if carefully wrapped up in leaves of the ſame 
tree, and baked or roatted over a fire of burning coals, yield, ſays 


Pomet, a reddiſh viſcous oil, that quickly cures old ſtanding ul- 
cers, 
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cers. Of the black ſeed, an oil may be made, which beautifies 
the face, removes ſpots and freckles, and poſſeſſes the ſame vir- 
tues with the oil of cokar-kernels. The cotton, or down itſelf, 
is ſaid to do wonders in the gout, by being burnt upon the part; 
but its efficacy can be no other than that of fire, or quick- 

lime; whatever good attends this practice being wholly owing 
to the burning. e TO 


r ̃ ͤ!—— 
— 


C HINA- ROSE. 


Tux flowers of the CHINA-Ros E, Hibiſcus ſinenſis, alter re- 
markably in their colour. At their firſt expanſion, they are 
white; they then change to a deep red, or roſe colour, which, 
as they decay, turns to a purple. In the Weſt-Indies, where 
it goes by the name of Martinico roſe, all theſe alterations hap- 
pen in the courſe of one day; which, in theſe hot countries, is 
the longeſt duration of the flowers in queſtion ; but in Eng- 
land, where they continue near a week in perfection, the changes 
are not ſo ſudden. | | 
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INDIGO. 


FROM, the leaves and ſmall branches of the :ndigofera tinctoria 
of Linnæus, is prepared that excellent dye, known by the name 
of indigo. The leaves, when ready for this purpoſe, are cut 
down, and thrown into large vats of water, where they are ſuf- 
fered to ſteep till a violent fermentation enſues, and the water 
2 acquiring heat, boils up on every fide of the infuſed leaves, and 
1 inſenſibly becomes of a violet colour. When theſe effects, 
|F Which generally happen after ſixteen or eighteen hours' infuſion, 
are obſerved, the water is conveyed, by means of cocks at the 

bottom of the vat, into another veſſel, of the nature of a churn, 
where it is worked, by a negro, with great violence, till the 
water abounds with a lather, and the ſalts, and other parts of 
the ſubſtance of the plant are ſufficiently united, It is then al- 
lowed to ſettle, and the water, which becomes as clear as at firſt, 
is drawn off by means of cocks, leaving at the bottom of the 
veſſel, a ſediment or fæcula, like the lees of wine, which, when 
dried, is the valuable dye known by the name of indigo. 

The negroes on the coaſt of Guinea, gather the leaves of the 
indigo-plant at any time of the year, and having pounded them 
in a mortar, make the paſte up into loaves, which they pre- 
ſerve dry. When they want to make uſe of them in dying, 

they diſſolve them in a kind of ley, made of the aſhes of an unc- 
tuous plant which grows in their fields, the portulaca marina la- 

tifolia of Plumier, by the negroes called rbeme. This ley im- 

bibes a tincture of the indigo, into which they dip their linen, 
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cold, as often as they think neceſfary, according to the deepneſs 
of the colour required. | | 


LARCH-TREE. 


FRou the LAR cH-TREE is extracted what we erroneouſly 
call Venice turpentine. This ſubſtance, or natural balſam, 
flows, at iſt, without inciſion; when it has done dropping, 
the poor people who wait in the fir- woods, make inciſions at 
about two or three feet from the ground, into the trunk of the 
trees, into which they fix narrow troughs, about twenty inches 
long. The end of theſe troughs is hollowed, like a ladle; 
and in the middle is a ſmall hole bored, for the turpentine to 
to run into a receiver, which is placed below it. s the g um- 
my ſubſtance runs from the trees, it paſſes along the ſloping 
gutter, or trough, to the ladle, and from thence runs through 
the hole into the receiver. The people who gather it, vitit 
the trees morning and evening, fon the end of May to the be- 
ginning of September, to collect the turpentine out of the re- 
ceivers. When it flows out of the tree, Venice-turpentine is 
Clear, like water, and of a ycllowiih white; but, as it grows 
older, it thickens, and becomes of a citron colour. It is pro- 
cured in greateſt abundance in the neighbour:ood of LyUns, and 
in the Valley of St. Martin, near Lucerne, in Switzerland. 

From the wild pine, or pineaſter is extracted the common tur- 
pentine, which is chisfly uſed by the farriers, and from which is 
diſtilled the oil of that name. The finer and more valuable part 
of the diſtillation comes firſt, and is called the ſpirit, what is left 
at the hottoin of che ſtill, is the common reſin. 

The pitch-tree, a ſpecies of fir, produces the ſubſtance from 
which it derives its name. | | 

he large branches of the larch-tree, beſides turpentine, 


produce ſeveral ſmall grains, like ſugar, which poſleſſing the pur- 


gative quality of manna, have likewiſe obtained its name. 
Laken internally, theſe plants are warming, aperient, ſudorific, 
diur stic, ſtomachic, and antiſeptic. An air impregnated with 
their balſamic exhalatious, is reckoned very ſalutary to conſump- 
tive habits. 
Juniper- berries, and the gum of the larch, give urine a fragrant 


ſmell, like that of violets. The cones or female heads of the cy- 


preſs, improperly called cypreſs-nuts, are highly aſtringent. ju- 
niper- wood is ſudori fie in decoction, and tragrant when bunt; 
for which purpoſe it is frequently uſed in houſes, to prevent peſ- 
tilential d:{crders, and other infections. 


From the ſeeds, or nuts of the cultivated pine, is drawa, by ex- 


preſſion, an oil, which is equal, in point of excellence, to that ob- 


tained 
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tained from hazel- nuts. Theſe ſame nuts, or kernels, are fre- 
quently ſerved up in deſerts, during the winter ſeaſon, in Italy; 
formerly they were uſed in medicine in this country; but of late 
years, the piſtacia nuts have been generally ſubſtituted in their 
place. Of the ſoft white ſubſtance, commonly called alburnum, 
which in trees lies betwixt the wood and the inner bark, the Swedes 
prepare a diſh that is eſteemed a great delicacy, and much uſed in 
ſpring. In times of ſcarcity, a ſort of bread is made of the bark, 


!. 


Tux timber of the horizontal eypreſs, a native of the Levant, 
is ſaid to reſiſt worms, moths, and all putrefaction; and to laſt 
many centuries. The coffins in which the Athenians uſed to 
bury their heroes, were made, ſays Thucydides, of this wood, as 
were likewiſe the cheſts containing the Egyptian mummies. 
'The doors of St Peter's church, at Rome, were originally of the 
ſeme material. Theſe, after laſtiag eleven hundred years, at the 


end of which time, they diſcovered not the ſmalleſt tendency to 


corruption, were removed, by the order of Pope Eugenius IV, 
and gutes of braſs ſubſtituted in their place. 

The fame tree is by many eminent authors recommended as 
improving and meliorating the air by its balſamic and aromatic ex- 
halattons; upon which account, many of the ancient phyſicians 
of the eaſtern countries uſed to ſend their patients who were 
troubled with weak Jungs, to the iſland of Candia, where theſe 
trees grew in great abundance, and where, from the falubrious 
air alone, very few failed of obtaining a perfect cure. 

in the ſame iſland, ſays Miller, the trees in queſtion were fo lu- 
erative a commodity, that the plantations were called Do: Filiæ, 
the ſelling of one of them being reckoned a daughter's portion. 

Cyprets, ſays Mr. Pocock, is the only tree that grows towards 
the top of Mount Lebanon, and being nipped by the cold, does 
not grow ſpirally, but like a ſmall oak. : 

The leaves of common ſavin, a ſpecies of juniper, are much 
uſed by farriers for deſtroying worms in horſes. 


CB 13 A Ke 


Tur red wood of Bermudas Cedar, the Funiperus Bermudiana 
of Linnæus, commonly known in England by the name of cedar- 
woot, is uſed for making pencils, as likewiſe for wainſcotting 
rooms, and making ſtair-caſes. It is remarkable that the worms 
are never found to eat the bottoras of veſſels built with this wood, 
as they do thoſe built with oak; fo that for the Weſt Indian ſeas, 
Cedar thips are preferable to all others; but they are not equally fit 
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to be employed as ſhips of war ; the wood being ſo brittle as to 
ſplit to pieces when ſtruck by a cannon-ball. 


The peaſants in Switzerland, make torches for burning, of the 
wood of a mountain pine, which grows naturally in that country, 
and is hence denominated the forch- pine 

Cedar of Lebanon is the Pinus Cedrus of Linnæus, and the La- 
rix Cedrus of Tournefort. The truth is, that this curious tree 
bears the leaves of the larch; but as the fir, pine, larch, and cedar, 
are all arranged by Linnzus under the genus Pinus, he could 
not, without erecting a new genus, make the cedar in any other 
reſpec, connected with the larch, than as they were both ſpecies 
of the ſame genus. 

The wood of this celebrated tree, which grows naturally on 
Mount Libanus, in Syria, and no where elſe, is accounted proof 


againſt all putrefaction of animal bodies; and faid to yield an oil, 


excellent for preſerving books and writings. It 1s thought by 
Lord Bacon, to continue found a thouſand years. The ſtatue of 
Diana, in the famous temple at Epheſus, is affirmed to have been 
of this valuable material, as was moſt of the timber work of that 
wonderful ſtructure. In the temple of Apollo, at Utica, there 


was found cedar-wood near two thouſand years old. 


The largeſt cedar, mentioned by Dr, Pocock, meaſured twen- 
ty-four feet in circumference, | | 


B A O R A BR „ 


THe age of this tree is no leſs remarkable, than its enormous. 
fize. M. Adanſon relates, that in a botanical excurſion to the 
Magdalen Iſlands, in the neighbourhood of Goree, he diſcovered 
ſome calabaſh-trees, from five to ſix feet diameter, on the bark of 
which were engraved, or cut to a conſiderable depth, a number of 
European names. I'wo of theſe names, which he was at the 
trouble to repair, were dated one in the fourteenth, the other in 
the fifteenth century. Pbe Letters were about ſix inches long, 
but in breadth they occupied a very ſmall part only of the circum- 
ference of the trunk: from whence he concluded, they had not 
been cut when theſe trees were young. Theſe inſcriptions, how- 
ever, he thinks ſufficient to determine pretty nearly the age 
which theſe calabaſh-trees may attain; for even ſupoſing that 
thoſe in queſtion were cut in their early years, and that trees 
grew to the diameter of ſix feet in two centuries as the engraved 
letters evince, how many centuries muſt be requilite to give them 
a diameter of twenty-five feet, which perhaps is not the laſt 
term of their growth! 

The inſcribed trees, mentioned by this ingenious Frenchman, 
had been ſcen in 1555, almoſt two centuries before, by Thevet, 

| whe 
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who mentioned them in the relation of his voyage to Terra 
Antarctica, or Auſtralis. Adanſon ſaw them in 1749. 


M A R M 


Max ORO VES, the mangles of Plumier, are often forty or 
fifty feet high; they grow only in water, and on the banks of 
rivers, where the tide flows up twice a day. They preſerve the 
verdure of their leaves throughout the year. From the loweſt 
ranches iſſue long roots, which hang down to the water, and 
penetrate into the earth. In this poſition they reſemble ſo man 
arcades, from five to ten feet high, which ſerve to ſupport the body 
of the tree, and even to advance it daily into the bed of the wa- 
ter. Theſe arcades are ſo cloſely intertwiſted one within another, 
; that they form a kind of natural and tranſparent terrace, raiſed 

with ſuch folidity over the water, that one might walk upon 

them, were it not that the branches are too much encumbered 

with leaves. The moſt natural way of propagating theſe trees, is 

to ſuffer the ſeveral flender ſmall filaments which iſſue from the 

main branches, to take root in the earth. The common method, 

however, 1s that of laying the ſmall lower branches in baſkets of 
mould or earth, till they have taken root. 

The deſcription juſt given, pertains chiefly to a particular ſpe- 
cies of mangrove, termed by the Weſt-Indians, black-mangles, 
on account of the brown duſky colour of the wood. The bark 
is very brown, ſmooth, pliant when green, and generally uſed 
in the Weſt-India iſlands for tanning of leather. Below this 

| bark lies a cuticle, or ſkin, which is lighter, thinner, and more 

tender. The wood is nearly of the ſame colour as the bark; hard, 
pliant and very heavy. It is frequently uſed for fuel, for which 
purpoſe it is ſaid to be very proper: the fires which are made of 
this wood, being both clearer, more ardent and durable than thoſe 
made of any other material whatever.—The wood is compact, 
almoſt incorruptible, never ſplinters, is eaſily worked, and, were 
it not for its enormous weight, would be commodiouſly employed 
in almoſt all kinds of work, as it poſſeſſes every property of good 
timber, Jo the roots and branches of mangroves that are im- 
merſed in the water, oyſters frequently attach themſelves; fo that 
wherever this curious plant is found growing on tue fſea-[hore, 
oyſter-fiſhing is very eaſy; as in ſuch caſes, theſe thell-hin may 
be literally ſaid to be gathered upon trees. 

The RED MANGLE, or MANGROVE, grows on the ſea-ſhore, 
and at the mouth of large rivers, but does not advance, like the 
former, into the water, it generally riies to the height of twent 
or thirty feet, with crooked knotty branches, which proceed from 
21] parts of the trunk. The bark is ſlender, of a brown colour, 
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and when young, is ſnooth, and adheres very cloſely to the wood, 
but when old appears quite crackl-d, and is eatily d=-tached from 
it. Under this bark is a ſkin as thick as parchment, red, and ad- 
heres cloſely to the wood, from whicn it cannot be detached till 
the tree is felled and dry. The wood is bard, cormpact, heavy, 
of a deep red, with a very fine grain. he pich or heart of the 


wood being cut into ſmall pieces, and boiled in water, imparts a 


very beauiint red to the liquid, which communicates the ſame 
colour to woo! and linen. ne g eat weight and hardneſs of the 
wood prevents it from being generally uſ-d, From the fruit 
of this tree, which, when ripe, is of a violet colour, and reſembles 
ſome grapes in taſte, is prepared an agreeable liquor, much 
elleemcd by the inhabitants of the Caribee iſlands, 

WATT MZN CIE, fo termed from the colour of its wood, 
grovrs, like the two former, up on the banks of rivers, but is ſeldom 
found near the ſea, The bark is grey; the wood, as we have 
faid, white, and when green, ſupple; but Gries as ſoon as cut 
down, and becomes very light and brittle. 'I his ſpecies is ge- 
nerally called rope- mangrove, from the uſe to which the bark is 
applied by the inh-bitants of the Weſt-Jndies. This bark, which 
by re ſon of the great abundance of ſap, is eaſily detached, when 
green, from the wood, is beaten or bruiſed betwixt two ſtones, 
umil the ha:d and wouly part is totally ſeparated from that which 
is ſoft and tender. This = which is the true cortical ſubſtance, 
is twiſted into ropes of all ſizes, which are exceedingly ſtrong, 
and not apt to rot in the water. 


a YO: C-A TM 


TRHE Avocarto or Aavicaro pear-tree, a native of the Weſt- 
India iſlands, fo called from its fruit, which in form and thickneſs 
reſeubles a pear, is the /-urus perſea of Linnæus. Ihe nulpy or 
flefl;y part of the fruit is of a pal green, with little or no nſiſ- 
tence when ripe, and melts in the mouth like mar! ow, winch it 
greatly teſembles in taſte. The {kin is ſmooth and thin, but of a 
ſtrong tough ſubſiznce and a beautiful green colour, which does not 
become y-liow ti! 1 che rut is p zorfectly rips. Yet the fruit, by rea- 
ſon of its ſoftneſs, may be caten out of the /urrounding Kin with a 
tea-ſpoon, like Jelly and marmelade. It is frequently ſer ved up in 
the Weſt-Indics, on a ate flug ar, roſc-water, and orange- 
flowels; moſt commonly, koweyer, it is mixed with ſugar, a and 
the juice of limes „which render it. e: <tremely palatable. 


ee 


The unripe fr uit tco is frequently plucked and eaten in thin 
ſlices, with pepper and ſalt. In this ſtage, the taſte of the avocato 
greatly reſembles that of artichokes, Every preparation of this 


* 


f-uit is eſteemed highly nouriſhing ; as it warms, exhilarates, and 
fortifies 
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fortifies the ſtomach. —l[t is particularly recommended in dyſen- 
teries 

In the middle of the pulpy part of · the fruit lies the nut or ſeed, 
which 15 very large, almoſt round, of a pale ruſſet colour, a little 
wrinkled, contains no kernel within it, and whoſe degree of hard- 
neſs does not exceed that of a cheſtnut diveſted of its ein. This 
nut, about an hour after it is ſeparated from the fruit, ſplits of it. 
ſelf into two or three pieces. If committed to the ground in this 
tate, no vegetation enſues, becauſe the embryo of the ſeed. is 
broken; fo that ſuch as would propagate theſe plants from 
ſ-e!, muſt ſow the nuts the moment they are taken out of che 
pulp; in which caſe they will begin to germinate in eight or ten 

days after. 


R E F. 


Or the ftems of the bamboo cane, a ſpecies of reed, the natives 
of India, where the plant naturally grows, make moſt of their 
common utenſils. 

The eaftern reed grows plentifully in Syria and Paleſtine, 
This is the reed of which the I urks make their writing-pens. 

The ſtalxs of arundo donax are uſed for fiihin; Z-rods. 

There are cwo ſorts of reed, lays Haſſelquiſt, growing near the 
Nile; one of them. has ſcarcely any branches, but is furnithed with 
nu nerous leaves, which are narrow, fmooth; channelled, on the 
up; 52r ſurface; and tie plant is about eleven feet high. The 
Egyptians make ropes of the leaves, They lay them in water, 
lice hemp, and then make them into good ſtrong cables. The ſe, 
with the bark of the date- tree, are almoſt the only cable uſed in 
the Nile, The other ſort is of as great conſequence. It is a ſmall 
reed, about two or three feet hizh, full branched, with ſhort, 
ſharp, lancet-ſhaped leaves. The roots, which are as thick as 
the ſtem, creep and m:.t themſelves together to a conſiderable 
diſtance, This plant ſeems uſeleſs in common lifes but to ity 
continues our learned author, is the very ſoil of Egypt owing 
for the matted roots have ſtopped the earth which floated in the 


waters, and thus formed, out of the ſea, a country that is habi- 
table, 


„ „% ER ek 8 he 28, 


Mr. Ray, in his © W iſdom of God in the Creation,” juſtly 
obſerves, that it is no ſmall inſtance of the great Creator's good- 
nets, that wheat, and the moſt common corn uſed for food, thould 
pe te growth of moſt parts of Europe and Aſia. ic is likewiſ. 

o leſs worthy of obſervation, that where the ſoil under the torrig 
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zone is too hot to produce wheat, the ſame divine wiſdom hath ap- 
pointed other kinds of cornto grow and ripen there, in great plenty, 
Thus, in Africa and the Weſt-Indies, this want is ſupplied by 
Indian and Guinea-corn : and, in ſome places, where the exceſ- 
five heat of the climate renders labour and the cultivation of corn 
painful, there bountiful Providence, with an unfparing hand, or- 
dains food without labour, by cauſing banana and plantain-trees 
to grow in great plenty, whoſe fruit is, by many perſons, pre- 
ferred to any kind of bread whatever. 


G © = 1 
Tk flowers of the different ſpecies of oR cas and orUR VS 
are remarkably various and ſingular in their ſhape; reſembling 
ſometimes a naked man, fometimes a gnat, a butterfly, a drone, a 
pigeon, an ape, a parrot, a lizard, or a fly. Theſe reſemblances 
have given names to the ſpecies in queſtion. The beard or nec- 
tarium of the bee-flower, is a large fat leaf, beautifully repreſent- 


ing a drone or bee, of a footy colour, and which when turned to 


the light, feems variegated with three bright yellow circular lines, 


with ruſt-coloured ſpaces between them. The neftarium of 


humble-bee ſatyrion, the teſticulus ſphegodes hirſuto flore of Ray, 
is remarkable for two upright lines, of a livid colour, and a tranſ- 
verſe one of the fame colour, repreſenting a capital H. The 
flowers of many of the orchis tribe are beautifully ſpotted. 


WATER SOL DI 5 


A Species of WATER-SOLDIER, or marſh-aloe, is the ſur- 
priſing plant which is ſaid to move in the waters of the Nile, 
ſeeking for nutrition in the ſame manner as animals. The fact 
is, that the plant produces tufts of leaves, at a very great diſ- 
tance from each other, and ſupported by a ſtem, which after 
Koating on the water, loſes itſelf inſenſibly in the earth. 
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ILLVSTRATIVE OF THE PRINCIPLES OP 
T O TA Nu 


PLATE 4 


"1 plate illuſtrates the different kinds of RooTSs, p. 27. 


F Lia 3% & 16 


Tuts plate illuſtrates the different kinds of TRUNKS, p. 28. 


PLATES HL & IV. 


THrEsE plates exemplify the general forms of $1MPLE 
LEAYES, as diſtinguiſhed and named, page 30, &c. 


PLATES v, & VL 


Ts; plates exemplify the general forms of COMPOUND 
LEAVES, as diſtinguiſhed and named, page 35. 

N. B. The diſtinctions of DETERMINAPTE LEAVES ſhould 
be very ſtrongly committed to memory by the ſtudent; as 
the pleaſure of this ſtudy often ariſes from circumſtances and 
accidents which - do not admit of reference to a book, for 
information. | 

The terms, &c. on theſe plates are entirely written in Eng- 
liſo, for the eaſe of the learner ; this is not meant to diſparage 


an acquaintance with the Latin terms, but to ſhow the pro- 


priety of the names, and diſtinctions adopted. 


PLATE Vikh 


This plate ſhows the various contrivances of nature, to effect 
the purpoſe of ſupporting plants, or their parts and branches. 
This plate illuſtrates the principles, page 38. 


PLATE YVHL 


Beſides the external figure of leaves, there are many varieties 
in the manner of their being combined together, in thoſe plants 
which conſiſt principally of leaves ; an idea of which may readily 
be formed from the figures and names inſerted on this plate. 

Part IV, No. 26, N.- PLATE 
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PL ATN 
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ILLUSTRATIONS OF THE CALYX- 

No. 1 05 

i. A flower of the Oleander, ſhowing the flower- cup peri- 

anthium) incloſing the fructification. 

2. The flower-cup, ſhown ſeparate, for the purpoſe of greater 
diſtinctneſs; it conſiſts of only one petal, but divided into 
five parts. Afonopetalous, quinquefid. 

3. The flower of the Craſſula: ſhowing its general appear- 
ance. | . Ld 

4. The flower-cup ſeparated : ſhowing its five petals diſ- 3 
tinctly. 

5. Part of the Canna, or Indian flewering-reed : ſhowing a 
flower-cup, which incloſes the flower, but not the germen 


below it. | : C7 
6. Part of the flower of the blact-berried Heath, or Crou- |S 
Berries: Thowing a perianthium incloſing the fruit. | 1 


7. The perianthium, or flower-cup, ſeparate. 

8. A catkin {amentum} proceeding from a common recep- 
tacle: as in the Walnut. = 

9. A jheath, or fpatha; the garden Crocus. 

10. A glume, the flower of graſſes in general; having a long 


beard, aria ; the common Ozt. 
Iii. The calyx, a, a, opened in order to ſhow its in- 


cloſure. 
12. Cahptra, a veil, in moſſes. 
13. The parts ſeparated. Theſe are greatly magnified for the 
the ſake of diſtinctneſs; this inſtance is the common Bryum. 
N. B. For INvoLUCRUM, ſee Plate XII, No. 5. 
@, a, an univerſal involucrum. 


. inooliuorn 
þ, ©, à partial involucrum. 
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ILLUSTRATIONS OF THE COROLLA. 


No. | 

1, The flower of the Oleander, ſeparated from its calyx: the 
corolla conſiſting of a ſingle petal only, monopetalous, funnel- 
ſhaped : the tube, a, cyl:ndraceors : the limb, , 6, b, large: 
divided into five parts, guznguefid. | 

2. The Orange-flmver : the corolla conſiſting of five petals, 
quinquepetalous. | | | 

3. Campanula : a bell-ſhaped flower. NB. No tube. 

4, 5, The Kalmia: A ſpecimen partly falver-ſhaped, Bypo- 
crateriferm. Seen in front and back. 

b. The Stock July-fiower, the corolla cruciform. a, a, the claw 
ſunguis of the petals; 6, b, the lamina, in a flower of fe- 
veral petals, anſwering to the limb in a flower of a ſingle 


petal. | 
7, Oſibego lea à gaping petal, ringent. See the common 
Nettle. 


ILLUSTRATIONS OF THE STAME Ns 


8. Shows the amen, or male part of the Amaryllis, i. e. the 
threads, or filaments, the antheræ containing the meal, or 
pollen, farina. | 

9. Shows the piiſtillum, or female parts of the ſame plant, ſcpa- 

rated, i. e. the germen, the ſtyle or piſtilum, the ſtigma. 


— 


N 2 PLATE 


10. A downy ſced. 
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PLATE Ih 


os « * * Co * - * 


ILLUSTRATIONS OF THE PERICAR IVM. 
No. 

1. The fruit-veſſel, pericarpium, of the canna, or Indian 
flowering-reed. See plate IX, No. 5, having on the outſide 
three ſucrows, friſulcate. | 

2, 3. The ſame, cut open, ſhowing the internal ſtructure, 
having three cells, trilocular; and three valves, trivaluular, 

4. A conceptacle. A ſingle valve, the feeds not faſtened to it, 

5. A cone, /trobilus ; the inſtance is the Scotch fir. 

6. Shows how the ſeeds adhere to the receptacle, 


ILLUSTRATIONS OF THE SEEDS. 


7. The general external appearance of a ſeed : a, the ſcar, Bi- 
lum, where it was faſtened within the fruit. 
8. A ſeed opened: a, the deſcending root, caudex ; b, the 
aſcending root, plumula; c, c, the fide lobes, cotyledons. 
9. A wingcd ſeed. 


-N.B. Wings, down, &c. are for the purpoſe of aſſiſting to 
diſperſe the ſeed by flying, &c. 
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E 
ILLUSTRATIONS OF THE RECEPTACLE. 


1. The common Bramble; ſhowing a conical receptacle, on 
which the fruit grows naturally. 
2, The fruit ſeparated from the receptacle ; ſhowing the ori- 
fice which formerly received the receptacle. 
A receptacle of the ſeeds; the common Butter-flower of 
the meadows. 


C5 
* 


4. A common receptacle: the gorets ſeated regularly upon it. 
The Dandelion. | 

5. An umbel, or number of footſtalks riſing to an even ſur- 

face at top. Bupleurum. 

A. A general or univerſal umbel. 

B. A partial umbel. 

A {imple umbel, having no ſubdiviſion. Andreſace. 

7. A cyme; a number of long faſtigated footſtalks, riſing from 
the ſame centre; a ſecondary number of ſmaller. footſtalks 
riſing from the top of the former, irregularly difperſed : but 
both univerſal and partial footitalks riſing to an | equal 
height: as in the Viburnum. 


Sh 


face 


PLATE M, marked (OJ. 


LINNAAN SYSTEM, PLATE I. 


The ſtudent has already ſeen, page 49, 50, the general plan of 
the Linnæan ſyſtem, in the tables of the claſſes and orders. 

This plate will recall to his recollection that the firſt eleven 
claſſes are reckoned by the number of the anther, and are 


named accordingly. 
(Refer to page 57, and peruſe the remarks.) 
12. The ſtamen inſerted into the calyx; which is the ſpecitic 
diſtinction of this claſs. 
73. The ſtamen inſerted into the receptacle. 
| | 14. Two 


— 


_— 


— . T6 
ou 


wee N - 
DOSE on is ee ys hg Wen 


Vo Aro 4c 
— 


nod 0 
n 0 
> 
2 =. - 


| 13 
q 

$43 

: LF 
74 
* 


9 THE GENERAL GENTEEL PRECEPTOR PART Iv. 


14. Two of the ſtamina are clearly ſeen riſing above two 
others beneath them: this is a ſtrong and natural diſtine- 
| tion. E 
15. In the fame manner, four ſtamina are here ſeen riſing 
above two. | 
16. Single brothcrhood. g | 
For this and the follotuing ſee the REMARKS, p. 51. 
e7. Double brotherhood. 


18. Many brotherhoode. 


PLATE XIV, marked (P). 
ILINN TAN SYSTEM, PLATE II. 


10. a, ſhows the flower in its natural ſtate. 
b, thows one of the centre florets of hg. c, ſeparated from 
the general aſſociation, for the ſake of greater diſtinctneß. 
c, ſhows the florets combined into one flower. 
4, ſhows one of the florets, its external covering being 
taken away. 
e, ſhows another flower of this claſs, in its general appear- 
ance. | | 
5 g, b, ſhows one of the florets ſeparated from the general 
flower, and cut into a ſection, for the ſake of greater diſ- 
tinctneſs. 
20. Gynandria, vid? REMAREs, p. 51. 
21. Male and female flowers, on the ſame plant. 
22. Separate reſidences for the different ſexes of the flowers; 
the males on one plant, the females on another. 
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PLATE XV, marked (Q). 


LINNEXAN SYSTEM. PLATE III. 


ide the Remarks on the Orders, p. 52.) 


The firſt ten numbers of this plate being arranged by the num- 

ver of their ſtyles, are extremely ſimple, and caſily carried in the 
memory. 

CLASS XIV, No. 11. 4, 5, h, are the ſections of the flower of the 

5 gymmſperma, or naked-ſeeded claſs, and 

ſhows the ſeeds naked as in the flower; 

which is a diſtinction founded on nature. 

12. a, b. aſhows the covering caſe of the 

eeds in the flower: 4 ſhows by a ſec- 

tion of the flower and of the caſe of 

the ſeeds, their true ſituation within 
the caſe. 

13. a, b, c, ſhow the ſhort, thick, or round 
pod, which perhaps had better be 
called a cod, to diſtinguiſh it from the 
following number; and ihows the ſitu- 
ation of the ſeeds. 

14. A long pod - c ſhows the external form 
of this pod; 6 ſhows the ſituation and 
places of the ſeed which it incloſes. 

Cass XIX, No. 15. a ſhows equal polygamy. Vide REMAKKS 
p. 52. 
4 is a floret ſhown ſeparately for greater 
diſtinctneſs. 
16. Super fguuois polygamy, vide the REMARKS. 
a, V, ſeparate florets; a hermaphrodite, 
5 female. | 
17. Fruſtrated polygamy. a ſhows a neuter 
floret, 6 an hermaphrodite floret. 
18. Neceſſary polygamy. a, b, c, d, parts of 
the florets ſhown ſeparately. 
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PLATE XII, marked (R). 
LIV NX AN SYSTEM, PLATE IV. 


CLass XIX, No. 19. Segregated polygamy. a, b, florets ſepa- 
rated from the foregoing flower. 
20. Aonegamous polygamy. a, b, the parts 
ſhown ſeparate. | 
22, 23. Ferns. —24, 25. Moſſes. 

In reducing theſe principles to practice, the ſtudent having 
plucked a flower is directed to fee firſt what is its proper claſs, then 
to determine its order. Theclafles being known by their anthers, 
let him count che number of thoſe parts; if they agree to any of 
the firſt eleven claſſes, and the fiower be hermaphrodite, the num- 
ber Aas two, four, ſix, &c. denotes the claſs, diandria, tetrandria, 
bexandria, &c. if the flower have ſeveral ſtyles alſo, then the 

: number of theſe denotes the order thus a flower of the diandria 
claſs, 7. e. having two antheræ, may be of the digynia order, by » 
having two ſtyles; or a flower of the hexardrie claſs, i. e. having fix 
anther:e, may. be of the tetregyuza order, i. e. having four ſtyles, 

But if the anther: are many, i. e. above twelve, then ſee 
whether they be inſerted in the calyx, or on the receptacle, and 
range the flower accordingly : this requires attention. 

The claſſes two above two, and four above two, are not dif- 
ficult, being a truly natural claſs of flowers: and not likely to be 
aſſi milated to any other. | 35 


The brotherhoods are pretty clearly denoted, eſpecially the 
carmated, keel-fnaped, Lowers, 


bs 


Claſs XIX is troubleſome, owing to the orders; but a little 


_ inſpection will enable the ſtudent, to a certain degree, to arrange 
their orders by obſerving the nature of the florets; which will ap- 
pear upon diſſection. The whole claſs being compound flowers, 
cannot eaſily be miſtaken. 


The other claſſes and orders will be readily diſtinguiſhed by 


a little attention to their pecul;ar marks. 
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THE 
GENERAL GENTEEL PRECEPTOR. 


PAR T 
INTRODUCTION 
[DRAWING and ARCHITECTURE. 


© LEARNING TO DRAW, IS LEARNING TO SEE; FOR THOSE ONLY 
| CAN BE SAID TO SEE OBJECTS, WHO ARE IN SOME DEGREE 
ACQUAINTED WITH THEIR TRUE FORMS, AND THEIR DIF- 

FERENT APPEARANCES IN DIFFERENT SITUATIONS. _ 


The Art of DRA IN is ſo extenſive, and embraces ſo 
great variety of ſubjects, that it is extremely difficult to com- 
reis it within the limits which in this work it ought to occupy : 
nevertheleſs, beſide that it is a polite Art, of very general 
lucy, and a moſt pleaſing amuſement, it is conſtantly uſeful, 
and in many Caſes indiſpenſible. I have known both Gen- 
emen and Ladies, deeply regret their ignorance of this Art, 
Fen they have ſeen ſtriking objects, which they wiſhed to de- 
neate ; or when they have endeavoured to deſcribe, by words, 
micles, which had they been able to draw them, a few lines 
ould have ſaved both trouble, and mortification, and would 
Fave given Clearer ideas than any verbal Deſcription, how-. 
er prolonged or particular. For theſe reaſons I have offered 


| Part V. | B a ſum- 
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2 PRINCIPLES OF 


a ſummary view of the elements of this Art: whoever wiſle 
to attend more particularly to it, which is a diſpoſition I can. 
not too much recommend, will meet with copious inſtruction; 
both as to its principles, and its practice, in my ARrrs"' 
 RErosrTORY and Drawing MAGAZINE, of which the fe. 
venth Edition is now before the publie; and which enters 4 


large into the various branches of the ſubject. 

The foundation of the Arts of Deſign, ſhould undouhted\; 
be laid in the Science of GzoMe Trey ; but as it has been judee 
proper to p/pone that branch, for the preſent, I ſhall now fub. 
mit my ſentiments in another order. 

It may feem ſtrange, perhaps to ſome, that I ſhould begin 
this ſtudy with the human figure: but, I think the follow. 
ing reafons juſtiſy the method. Fit. The human figure is th 
ſummit of beauty whoever has Juſt 1deas of its Proportions 
will always find an advantage in drawing inferior objects 
Secondly. Ihe figures &c. with which young perſons adorn thei 
works, are uſually the worſt performed in their pieces, which il , 
ſeems to imply—not only their want of information, with r-. .. 
ſpect to their true principles, but alſo the neceſſity of a p g. 
longed acquaintance with them, and greater practice. Thirij, n 
The forms, &c. of the human figure are in reality no nag pl 
difficult than thoſe of any other ſubject, ſo far as relates to 1 
general repreſentation of them: for inſtance, what forms cat me 
be /impler than thoſe of the Eye, Plate I. IT. or what priſc xe. 
ples more ealy indeed they are almoſt mathematically ei = 
than thoſe ot the manner of placing the features, Plates X. Xl Au 
Now when theſe are well underſtood, and have been frequent cr. 
ly repeated, there is no form of a flower or a tree, of a hou Y 
or an animal, but what will be diminiſhed at leaſt one half this 
its difficulty of repreſentation, and will acquire a much great uke 
degree of elegance from a Hand and an Eye which has lon c.... 
previous knowledge of a ſuperior ſubject, than could be in an i. 

parted to it, by a hand which had attended for % an ef 


time, to fuch an article alone. 


[ 


BRAWING. « 3 


it will be remembered, that I am not ſpeaking of mathe- 


ic WW :natical lines and correctneſs, but ot the principles of elegance, 
n- and of the readieſt method of attaining a correct eye, and ap- 
s. plying its advantages to practice: now, as-a ſmaller error is 
Den in the 1 HARI: of a head than Ho be ſeen in the 
C. rep reſentation of a tree, it fol! HOWS, that for the advantage of 


s a WW cching errors, the head is the belt ſubject; and detection of 
| errors is the very firſt ſtep to accuracy of repreſentation. 


0; WF Neither is there any real diſcouragement attending this method 
det N for every error or inaccuracy detected, is in fact a leſſon re- 
lub. | ccived, and tends to diminith the difficulties in every ſucceed- 
i ing ſubject. | 
dean Ncxertheleſs, nothing need prevent the ſtudy of the hu- 
wa wan ſigure and of other ſubjects from proceeding at the ſame 
she time: flowers, for inſtance, by reaſon of their pleaſing colours, 
ao, are very agreeable ſubjects; and our examples of Botany may 
jets alliſt in this ſtudy ; as are many others, which may very well 
| thelt engage thoſe ſtudents, whoſe time and leiſure admits of their 
Which union; but where only a certain portion of time and conveni- 
th ke. ence can be beſtowed, undoubtedly that branch of Art which 
Rp | the mind will moſt firmly retain and which is likely to be of 
Hurd, moſt laſting benefit is, an acquaintance with the general Fg 
mog ples of the human figure. 
es 0 l [t will be recollected too, that it is on this ſubject, judg- 
wy ment and opinion are moſt liable to err; that when pictures 
Pune Kc. are ſubmitted to inſpection, remarks on the figures they 
yeah W contain are uſually leſs accurate and leſs eſtimable than thoſe 
„dich are made on other parts of the Piece, An endeavour to 
equi "Bi correct this evil needs no apology. 
a houl We now with to lead the ſtudent, leſſon by leſſon, into 
halt this polite accompliſhment : for this purpoſe we adviſe him to 
1 Se take up the firſi plate of EVES; to trace the forms of a /ingle 
"i ” ample in outlines only: and to repeat this, till he has acquired 
e Il 


an intimate acquaintanee with it.---Then let him ſhut ap the 


41 24144 
an 71 2 | example 


4 8 5 PRINCIPLES OF 


example; and, without ſeeing it, trace upon paper the Out. 
lines of thoſe forms which he has juſt ſtudied : compare thi; 
production of the memory, to the original, and correct it ver 


ſight ſha 


leſigner; 


wanting. Proceed thus repeatedly. Let this ſuffice for on heads co} 
morning's exerciſe, repeat it, or not, a ſecond morning accord. It wil 
ing to circumſtances. In the ſame manner, trace a fecond e. (-:tur 
ample ; and ſo of the others. 6 the fa 
Having thus acquired a ſtrong and diſtin& idea of th ariety v. 
forms of the Eye, proceed by the ſame method to acquire equl theſe car 
familiarity with the Noſe, the Mouth, and the Far. By this Wicrcfore 
time, ſome readineſs of handling mf? be acquired, as well z thcle prer 
conſiderable correctneſs of the Eye; and now the inſertion of the iples the 
ſhadows &c. may be attended to with advantage; but even the: Mrnigh la 
ſhould be treated gradually; the chief ſhadows firſt, lightly, Wpcarance, 
contractedly, and, at length, to their full proportion add le princ 
power. hat, in f 
We cannot too much inſiſt on the neceſſity of well under. Neſpective 


ſtanding theſe parts ſeparately before they are united in th 
head: for this reaſon, we have given them at large, that they may 


deviated f 
gacter of 


be the better underſtood, and imitated, as well as to contribute The: 5 
to freedom of hand. But in order to avoid multiplying Our Inc but a 
plates, we have inſerted the mode of placing the features of We: +1 pro 
the face, in ſeveral examples, on one plate, and of a diminiſb- Med: an 
ed ſize: And she rather becauſe by readily comparing one with Net fue 
others, the variations occaſioned by aſpect, &c. are mor Wil There 
Clearly diſcovered, and as theſe are of the greateſt conſequence, Wat of tl. 
the ſtudent cannot pay them too much attention; nor can he Wore? jt 
too well comprehend their principles, and effects. Neverthe- Billy bea 
leſs, we inſſſt that each of theſe heads be drawn much larger Mic calcul. 
than they are given, ſay four, or fix times, larger, or  M:ic1laticy 
large as Plates XI. to XIV. and treated as we have jult d- Wſh:fure, 
rected for the Eye, ſlowly, and repeatedly, till ſtrong and Helen, « 
| diſtint ideas are obtained of their general 3 ard lion for a 
variations. ings, an 
The following ſubjects from Plates XI. to XIV. are bout fi 


Shen 


* 


DRA WING 


en, not only as pleaſing varieties, but 1 by their 
ſight ſhading, they contribute to form the hand of the young 
jeſicner; and I would not by any means have any of the 
heads copied ſmaller than the ſize of theſe. 

It will be remarked, no doubt, that the proportions of 
il features are not alike; that no two faces appear to be caſt 
in the ſame mold ; and that many cauſes contribute to that 
Karicty which we obſerve in the human Countenance. What 
theſe cauſes are, I have treated in my larger work: I ſhall 
Kicrcfore only Obſerve here, that however the application of 
ele prtncipies may be varied by their ſubjects, yet the prin- 
Ciples themſelves remain the ſame ; and though the face of a 
ritiſh lady and that of a Negreſs may very widely differ in ap- 
pearance, yet to draw either of them, an 2cquaintance with 
dhe principles we have laid down, is abſolutely neceſſary : and 
that, in fact, they muſt be well underſtood, before they can be 
Wclpctively applied with judgement, or be more or leſs 
Wcviated from with ſucceſs. The fame reaſons apply to Cha- 
aer of every kind of proportion, or of feature. 

| The Proportions of the figure, though examples poſſeſſ- 
Ing but a very moderate ſhare of gracefulneſs, yet poſleſs a 


ated: and ſhould be ſtrongly committed to memory by fre- 
dent ſtudy, and conſideration. 
There is a memory of the Eye, which is equally ſtrong with 
Ihat of the Mind, and after the Eye has been accuſtomed to 
Pore itſelf, and to advert to juſt proportions, it will not 
ay bear groſs diſproportion; it will regard as accurately 
he calculation of diſtances and ſpaces, as the mind does the 
culation of numbers and quantities. Hence ariſes in great 
cure, the utility of an acquaintance with the Arts of 
Pelien, even if never practiſed; becauſe they lay the founda- 


01 for a better judgement, and a truer eſtimate, of many 
Pings, and their circumſtances, than can poſſibly be obtained 
thout ſuch 88 ICE, 
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great proportion of uſefulneſs. Theſe ſhould be well inveſti- 


6 ' PRINCIPLES OTC 


The Atfitudes of the figure, are ſketches, deſigned to he 
repeatedly drawn on a much larger ſcale than they are hes 
given; and we adviſe that each ſhould he taken leparateh, 
and copied, at leaſt the ſize of the meaſured figure, Plate N. 

I think I may venture to fay that the ſtudent will ha. 
acquired by this time a pretty correct Eye, and a ſteady laut, 
and, belide theſe advantages, he will poſleſs ſuch an inſight 
mto the chief proportions, and principles of the figure, x 
will not only open his mind to further inſtruction, but they vil 
fx themſelves on his memory, and will have their influenc 
on his practice whatever ſubject he may afterwards undertake 

That Mind which has had the advantage of corre 
principles, and of general information, will find little dif; 
culty in varying its attention according to circumſtances 2 
they ariſe : that Eye which has been uſed to furvey critically 
one kind of forms, will readily perceive the relation of forms 
of another kind; and that Hand which has been accuſtomed 
to accurate delineation of certain objects, will carry that fame 
accuracy into exerciſe, whatever be the nature of the objec 
it is required to delineate. | 

This ſummary of Principles, IJ am certain will be found 
extremely uſeful; and it may juſtly be conſidered as a favorabi 
introduction to further advances in thoſe who may with to cul 


_ tivate a more intimate acquaintance with the Arts of Deſign, 


I ſhall now offer a few remarks on the practical part of tie 
ART of DRrawixs : that ſome of them are tranſcribed from 
the DRAWING MAGAZINE, will be no hindrance to the 
tavorable reception by the public, or their uſefulneſs to ind. 
drta[s. 
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Or re MATERIALS usep 18 DRAWING. 


The MATERIALS uſed in DRAwiNG are, Pens, black-lead 
Ipencils, camel's-hair Pencils, Indian ink, and india rubber; 
and C ompa aſſes. Various forts of Paper are uſed to work on: 
5 ladian ink, White and fine; for chalk, more rough and 
W 01-7 ; for black and white chalks, blue or brown paper, &c. ac- 
1 cording to the fancy of the artiſt. 
| The uſe of the black lead pencil is, to form en accurate 
une, to be finiſhed in Indian ink; India rubber eraſes black- 
ad lines very neatly ; the J fquare, ruler, and compaſſes, 
Wc neceffary in drawing perſpective, architecture, &c. but 
3 50 never be applied to figures; the ſtudent thould learn to 
ee them correctly without ſack injurious aſſiſtance.” As a great 
WE nfter c:prefied himſelf, &“ the REN ſhould be in the eye, 
not in the nand.“ 
In practifing this Art, it is of conſequence to have good 
WE materials; to purchaſe thoſe which are but indifferent, is not ge- 
- &conemy, as they not only give great trouble in working, 
Wt they may perhaps occaſion dilguit with the art, or diſſatis- 
£2c1i0n with one's ſelf without caule. | 
| In chuting camel's hair PENCILS, moiſten them a little, ſo as 
to make a true and regular termination; reject thoſe which ſplit 
_ different parts, and thoſe wherein ſome of the hairs are 
ner than the proper pount. 
| Ixvran INE is an admirable compoſition not fluid like 
pi writigg inks, but ſolid like our mineral colours, though 
uch lighter. It is made in all figures, but the moſt uſual is 
8 angular; about a quarter of an inch thick. Sometimes the 
ſticks are gilt with various devices. 

10 ule this ink, there muſt be a little hollow marble (to be 
Pad at any colour- ſhop) or other {tone, with water in it, on 
uch the flick of ink muſt be ground, till the water becomes. 
1 e blackneſs. It makes a very black ſhining ink; 
ddough apt to fink when the paper is thin, yet it never runs 
forex >; {o that the lines drawn with it are always ſmooth, 
nd evenly terminated, how large ſoever they be. It is of 
* dat ule in defigning, becauſe its tone of colour may be aug- 
pln or dümiſhed at pleafure. 


5 0 alks, white, red, and black; a T ſquare, a parallel Ruler, 
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8 PRINCIPLES or 


23 It is not eaſy to diſtinguiſh the beſt Indian ink from 4» 


inferior; the uſual way is by rubbing the ſtick on the back mer 


3 
the hand, or any other place previoully wetted; but frequenth — 
the ſticks are coated with a fine fort, and the part within i P = 

- zeichen 

Worthleſs. The makers generally ſcent the beſt ink with te Tr 
beſt muſk. | N 3 
In uſing Indian ink it ſhould always be remembered, that: 
light colour may be darkened by additional waſhing, but urs 

Which is too deep cannot be lightened: the ſafeſt and beſt wy MM. BER, © 
is, to proceed gradually from a weak tint, to a ſtronger, til e 
various parts obtain the force intended. | e 

WHITE CHALK is a foſſil ſubſtance uſually reckoned x ot aun 
ſtone, but of the friable kind; it is ſometimes found in pou. . n 
der, and has all the properties which characterize calcarcoy Ind preſ 
earths, but wants much of the weight and conſiſtence of rel It is: 
ſtone. Tobacco-pipe clay is commonly uſed as a ſubſtitute u. copied 
white chalk, and for ſome purpoſes is ſuperior. "ER 

RED CHALK. is an earth of great uſe, and is common J indifp: 
in the colour ſhops. It is propefly an indurated clayey ochre, es ho; 
is dug in Germany, Iatly, Spain, and France, but abounds bery (tro 
moſt in Flanders. It is of a fine, even, and firm texture, ver Ready li 
heavy, and hard (but when too hard, is troubleſome to wot etre 
with,) is of a pale red on the outſide, and of a deep du ate 

chocolate colour when broken. Ferve the 

BLACK CHALK is a light earthy ſubſtance, of a fine bien tic 
colour, of a compact and laminated texture, and a ſmooth {ur Sen 
face. It is eaſily reduced into an impalpable powder without bers 0 
injuring its colour: this uſeful earth comes from Italy (wii rule, 
ſort is uſually moſt eſteemed) and Germany: but many pars Ac th 
of England and Wales furniſh ſubſtances nearly if not entire Mpour to: 
of the ſame quality, and equally ſerviceable both for drawing» (hado 
and as a black paint. | etch ha 

Notwithſtanding the greateſt care in ſelecting the bat wembe 
pieces of chalk they are liable to contain ſmall ſtones, grit, Subject 1: 
to remedy which evil, fume who are curious in this article, & hrge, 
duce the natural chalk to a fine powder, and (rejecting f [t i; - 
refuſe) mix with it a compoſition whoſe chief ingredient is fa draw. 
then roll it into crayons of a proper ſize, and dry it careful permit a 
Red chalk is much improved by this proceſs. _ 0 

A variety of PAPER is uſed in this art: for Indian in lob 
ſome uſe a ſmooth paper, artificially glazed by heat; oH, 
prefer a more ſubſtantial kind, the edges of which they paſte MHH; ! 
the drawing-board, to keep it flat, and prevent its ſhrinking rut 

correct b 


For red, or black chalk, there are many various ſorts, ** 
ol 


2 AWING 9 


mes I ſhall not here repeat. Blue paper is frequently uſed 
% black and white chalks, the colour ſerving for the middle 
ts of the deſign, which is ſhadowed with black chalk and 
vichrened with white. A tinted paper of a brownith hue is 
lor the ſame purple, but is uſually dear in its price. Sub- 
utes are made feveral ways; by ſtaining white paper with 
re, or with water coloured with tobacco-leaves, or by boiling 
brower's clay in beer, and ſtriking it on the paper with a ſpunge, 
s cvenly as poſſible. : 

In reſpect of attitude, it is worthy of remark, that a good 


voſture is as readily attairjed as a bad one: an attitude up- 
wt and free, is beſt both for a deſigner and his works. In 


Ut, this caution reſpects equally the merits of a performance, 
ad preſervation of health. | 
[tis a bad cuſtom to place too near th2 eye a ſubject to 
2copied : when very cloſe, it not only prevents a diſtinct view 
i that correſpondence of the ſeveral parts to each other which 


;indiſp:n{ible, but alſo is not free from danger of rendering the 


yes ſhort-ſighted. A fimilar danger attends the ad miſſion of a 
ey ſtrong glare of light, either on the original, or copy; a cler 
Iteady light, but not too brilliant, is deſirable. 

hetore you begin a performance, conſider the original 


erve the length, the breadth, and ſimilitude of each part; re- 
rk their proportions to each other, and to the whole; their 
elpectve diſtances and ſituations; more eſpecially attend to thoſe 
Pbjects or parts which fall perpendicular, or parallel, to others; 
(is rule, duly practiſed, will prevent material errors. 

As the excellence of Drawing conſiſts in its accuracy, endea } 
jour to render the ſketch as correct as poſſible; never proceed 
b ſhadow or finiſh any part of a drawing till the lines of the 
Fetch have obtained a cloſe reſemblance to its original; always 
remembering to begin at the left part of the paper, that the 
Jubject may be continually viſible ; the right fide of a drawitg, 
If arge, is liable to be injured by the right hand or arm. - 
It is adviſeable to commence the ſtudy of this noble art 
Dy drawing firſt in CHALKS (rather than Indian ink,) as they 
permit a much more bold and free manner of handling, which 
2 very deiirable acquiſition. | : 
lo begin a drawing in chalks; firſt form a ſketch from 
te original with a piece of charcoal of convenient thickneſs and 
agil z this is the beſt material to ſketch with, as it a lmits of 
being rubbed out; conſeqentl/ the outline may be 1eadered very 
correct before it is finiſhed. Always hold the port-crayon 
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10 | | PRINCIPLES OF 


further from the point than the pen in writing, that it may not 
impede freedom of hand. 1 

Having formed an accurate outline, proceed to finiſh 
by lightly touching the darkeſt ſhadows with a few ſtrokes gt 
chalk : theſe being inſerted diſtinctly, though faintly, proceed to 
the next darkeſt, and fo on, till all the principal ſhades have 
been attended to; then bring the deep ones nearer to their pro. 
per colour, which will enable you to form a judgement of the 
ſtrength requiſite for the middle tints. It is neceſſary to begin 
ſhadows firſt, leſt the middle tints, which are the chief beꝛdty 
in all drawings, ſhould acquire too much colour, and thereby 
ſpoil the whole. | | 

Remember to draw the chalk always the fame way on the 
paper (whether from left to right, or from right to left), that 
it may make a ſmooth, neat, and uniform grain. 


LIST or PLATES, an» ORDER or STUDY. 


Plate I. Eyes at large. The Eye ſeen in Front divides into 


three parts; the center is the ſize of the ſight, and the proper | 


opening of the Eye. The other examples are different views of 
the Eye. =o | 

Plate II. The Eye in profile, is only half the dimenſions of 
the Eye in front: being one part and half. The other example; 
are different views. 

Plate III. Noſes at large: ſeen in a front view, alſo from 
beneath, alſo from above. 

Plate IV. Notes at large, ſeen in profile; by which it appears 
that in height and breadth the noſtril is about one third of the 
width ot the noſe, The Noſe ſeen in front alſo may be conſ- 
dered as divided into three parts, the alæ or wings on excl 
fide, and the center. The Noſe in front is about equal to the 
width of the Eye. 

Plate V. The Mouth ſeen in front, is in length about an 
Eye and a quarter. The Mouth ſeen in profile, ſhould be near!) 
half the dimenſions of the Mouth ſeen in front. 

Plate VI. {his Plate is an example of the beard, and of the 
fituation of the Noſe, with reſpect to the Mouth, &c. 

Plate VII. The Ear at large. 

Plate VIII. Ears in different views. 


'The Ear in height rather exceeds one quarter of the height 


Plate | 


of the head. The width of the Ear is half its height. 
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Plate IX. No. 1. In order to place the features of a face 
fen in front, f draw an oval; as 4, c, e, &, f, d, this being 
| traced correctly, divide it perpendicularly in the middle, as a, h, 
then divide this line 4, L, in its center, by a croſs line, as c, b, 
and divide the lower half of the line a, 4, into 7w2 parts, by a 


= 


trie line as e, F; the upper half of the oval alſo divide, by 
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marking in a light touch, for the middle of the upper half of j Jl! 
the Oval. | 0 
No. 2. On the lines prepared as before, proceed to place | WI 
the features; fit, on the interſection e, % placing the Noſe, then 4; Il | 
| dividing the ſpace be/oww the Note, into three parts, by two mark- 4 | | 
1179; on the uppermoſt place the mouth: on the croſs line abyve 1 i | 

| tlic Noſe place the Eyes, by dividing the croſs line e, a, into 0 
fire parts, and giving one of thoſe parts to each Eye. The two in 


extreme parts rounding off toward the temples ſeldom ſhew 
their whole dimenſions. The middle part is for the width of 
the Noſe. Over the Eye place the Eye brows; and mark the 
beginning of the hair on the forehead. To complete the head, 
place the Ear, its bottom about level with that of the Noſe, 
its top riſing to the Eye brows. Add the neck to finiſh the 
hole. | | 
No. 3. The features being placed as in the former number, 
ſuppoſe the head to be gently turned horizontally, as it were on 
a pivot ; then ſo much of one ſide as is concealed by this motion, 
| will be compenſated for by an adequate quantity of the other 
fide being brought into view; as in this number, the Noſe 
ſeems to be advanced toward the right cheek, which appears to 
be diminiſhed, but then a portion of the head from behind ther 
left ear, becomes viſible ; ſo that the general form of the head 
fill preſerves the oval; but the features of the face are removed 
% one ſide of the oval inſtead of being in the middle of it: 
But their heights on the perpendicular line are not affected by 
this motion. This is called a three quarters face. : 
No. 4. Shews the features ſtrengthened, the hair, &c. more 
advanced, and placed to advantage. | 
No. 5. Suppoſes the head to be turned ſo much further from 
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what it appears in No. 2. that now the features are ſeen /zdeways | 

ein profile : the general outline of the head maintains its oval 1 WE 
ſhape; and the proportions of the features on the perpendicular 11 0 
ine are the ſame as before. This view of the face however differs 8 3 
greatly from No. 2. becauſe the projection of the forehead, | 
the noſe, the lips, the chin, and indeed of the whole outline of 13 I 
te face is Clearly diſtinguiſhable, and their forms are accurately | W118 


defined. 


2 Plate 
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Plate X. No, 1. In the examples of the former plate 4, 
upright line of the face ſuffered no change, becauſe the hy 
was ſuppoſed to be moved horizontally only, but in this No. t, 
head is ſuppoſed to be inclined downwards; and all the tyſtemic 
lines of the face are affected by the motion, and from bein 
ſtraight, become curves: as a, b; c d; e, f. 

No. 2. Shews how to place the features of the face in tl 


6 
9 


poſition deſcribed above; it appears that the curvature gf 


the lines affects the parts alſo, and that moſt of them, as t. 
eye-brows, eyes, noltrils and mouth, aſſume a correfpondey 
direction; the ear, alſo, appears to be greatly elevated. t; 
the inclination of the head is downward, in thete two example; 
all the lines curve downward, | 

No. 3. Ina head looking vpward the lines of the face hay 
a tendency to curve upward; and they allume a direction en. 
tirely oppoſite to that of No. 2. as appears clearly in No.4 
in the eye-brows, eyes, &c. Alſo, whereas in No. 2. a part of 
the head above the forehead was brought into vieto and the chin 
was proportionably diminiſhed, in No. 4. the forehead is dim. 
niſhed, and a conſiderable part of the neck is included in the 
oval of the head: in this No. alſo we ſee under the chin, th: 
lips, the noſe, the eye brows, &c. 15 

No. 5. Is a profile head looking down. The general nile 
for placing the features are, to form an equilateral triangle, tv 
divide one face of it into three parts; where the lower point 
indicates the place of the chin, the upper point that of the for- 
head; the dividing lines that of the noſe, and of the eye 
brows. - 

No. 6. The head looking up ſhews the application of thc 
ſame principles, only varied in their direction. 

Theſe examples may be ſufficient to ſhew the nature of the 
general variations of the head; almoſt any motion of the head 
may be referred to one or other of theſe; or is more or [el 
compounded of them, and may eaſily be conceived of from 
"theſe repreſentations. Nevertheleſs, as it may contribute 0 
the ſtudents information, we ſhall ſuggeſt an inſtance which 
may demonſtrate theſe principles, by mere inſpection. _ 

There is a Device which may ſomewhat aſſiſt in forming 

the face according to its different aſpects, and in placing tlie 
Features properly thereon. Procure a piece of Box, turned in 
the ſhape of an Egg, which is pretty nearly the thape of at 
human Head. Draw a Line upon it upright, as a. b. No, . 
Plate EX. Divide this Line into two equal Parts, by drawing 


another 
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Lines will produce a foreright Face. Turn the Oval a ſmall 
Matter from the Leit Hand to the Right, and the Perpendicular 


will appear bent like a Bow or Arch, as in No. 3. upon which 


he Features are to be placed, as uuſual: incline this Oval 
downwards; and to the Right, or left: alſo upwards; to the 


Richt or left &c. A great Variety of Faces may be ſhewn on 


is Oral, according as is inclined, reclined, or turned more 

ſ l>\s, Ne | | | 
i dates XI. XII. Theſe plates ſhew the variations of the fea- 
turcs of the countenance at the different periods of life: the 

Child's head No. I. Plate XI. is round and fleſhy ; that of a 
[1,114 No I. Plate XII. is more ſlender : No. 2. Plate XI. is 
| firmer in its lines and general aſpect being a manly countenance 
while the head No. 2. Plate XII. ſhews the markings &c. 
$ which characterize Old age. | 1 | 

Flate XITI. XIV. As the former plates ſhewed the counte- 
nance of the Male ſex only, theſe plates ſhew that of the Female 
{ex : and at the ſame time, a difference of expreſſion. 

Plate XIII. is lively, and chearful; very attentive, and 
even ſurprized into admiration, by the object at which it is 
looking. 

Plate XIV. Is reſpectful and grave; it rather venerates the 
| object of its regards, than admires it: and by the action of its 
| hand laid on its boſom, expreſſes an internal ſenſation very dif- 

ferent from that of the former plate. | 0 


Or IHE PASSIONS, As RELATED To EXPRESSION. 


Tur Paſſions, ſays M. Le Brun, are Motions of the Soul, 
either purſuing what ſhe judges to be good, or ſhunning what 
lhe thinks hurtful : and commonly, whatever cauſes Emotion 
in the Soul, produces ſome Action in the Body. It is there- 
fore neceſſary to know what different Actions in the Body ex- 
prels the ſeveral Paſſions of the Soul. But, here, it may be pro- 
| per to hint at the ſyſtem of the paſſions, and their connection 
with each other; this we extract from Dr. Watts. 
An object which is ſuited to excite the paſſions, ſays he, 
4 mult have one of theſe three properties; it muſt be either, 
I. rare and uncommon; Or, 2. good and agreeable; or, 3. . 
0 an 


mother directly acroſs it at right Angles, as c. d.; theſe two | 
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e and d;/agreeable ; or at leaſt we muſt have ſome ſuch ideas and 
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apprehenſions of it, before it can excite any paſſion in us. 

% Now if wewill diſtinguiſh the chief paſſions of our nature 
according to their objects, and confine ourſelves to the com. 
mon words and names whereby they are uſually called, we 
may make three ranks of them; which, for diſtinQion': 
ſake, I ſhall name the firſt, ſecond, and third rank. The 
two firſt are primitive, the third is derivative. | 

«© The fr/7 rank of paſſions are theſe three; admiration, Iny 
and Hatred. | 

ce If the object be rare and uncommon ; it excites admiratimn 
or wonder. | 

& If we look on it as good, or any way agreeable to us, it 
may engage our ve ; but if it be evil or diſagreeable, it moves 
our hatred. | 

The ſecond rank of chief paſſions are the divers kinds of l- 
and hatred, which are alſo diitinguiſhed by their objects. 

If the object appear valuable, it raiſes a love which we cal 
efteem ; if worthleſs, the hatred is called contempt. 

It the object appear fit to receive good from us, it is he 
of benevolence, or good-wwill : if it appear rather fit to receive 
gi from us, the hatred is called malevolence, or 1/I-will, 

6 !*f the object appear pleaſing, and fit to do us good, it raiſes 
the hg 97 complacence, or delight; if it be diſpleaſing, and un- 
fit to do us good, it excites a difplacence, or diſlite. 

& From love and hatred in their different kinds (but chielly 
from complacence and diſplacence) ariſe ſeveral more chief 
paſſions, which may be called the ird rank, and which are 
alſo diſtinguiſhed by their objects. „ 
Mete, In this pair of paſſions, and in all the ird rank, 


which is chiefly derived from them, the pleaſing object is 


more properly called goad, and the diſpleaſing object is more 
properly called ev:/, than in the paſſions before mentioned. 


If the good be abſent or unpoſleſſed, and poſſible to be 
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obtained, the paſſion of love grows up to deſire; if the evil 


may poſſibly come upon us, the hatred expreſſes itſelf in a- 


verſion, or avoidance, Though there may be alſo an averjun |} 


from ſome evil from whichwe are ſufficiently ſecure. 

« If there be any proſpect of obtaining the abſent good, tic 
paſſion excited is Hope; but if the abſent evil be likely to come 
upon us, it raiſes the paſſion of fear. ä | 
&« Fear alſo ariſes from a preſent or expected good in danger 
of being loſt: and there is a hope of ſecurity, from ſome ab- 
lent threatening eyil, or of deliverance from ſome evil that 


is preſent, - V 
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« [f the good be actually obtained, or the evil prevented, it 
« excites joy and gladneſs ; if the good be actually loſt, or the 
« evil come upon us, it cauſes ſorroto or grief. | 

« Whoever helps us to attain this good, or prevents the evil, 
& excites in us gratitude: whoever hinders our attainment of 
good, or promotes the evil, raiſes our anger. 

« There are very few, if any, of the paſſions for which we 
« have any name, and which are uſually taken notice of in 
« the heart of man, but what may be reduced to ſome or other 
of theſe general heads. And though I do not pretend to lay 
4 gown this diſtinction and arrangement of the paſſions of man 
« 35 an uncontroverted or certain thing; yet, upon the beſt 
« fyrvey I can take of the various workings of the heart, as 
« well as of the ſeveral authors who have written on this ſub- 
« jet, J do not find any of them lead me into an eaſier or better 
« ſcheme than this.” | 

It is evidently abſurd to pretend to give ſuch particular demon- 
trations of the paſſions as to fix their expreſſions to certain lines, 
wich art ſhould be obliged to uſe as eſſential and invariable 
rules. This would be depriving art of thar excellent variety of 
expreſſion which has no other limit than diverſity of imagina- 
ton, which is infinite. The ſame paſſion may be finely ex- 
preſſed ſeveral ways, each yielding equal pleaſure. 
| Though every part of the face contributes towards expreſſing 
tle ſentiments of the heart, yet the eye-brow, according to M. 
Le Brun, is the principal feat of expreſſion, and where the paſ- 
ons beſt make themſelves known. *'Tis certain, ſays he, that 
the pupil of the eye, by its fire and motion, very well ſhews the 
zzitation of the ſoul, but then it. does not expreſs the kind or 
[nature of ſuch an agitation 3 whereas the motion of the eye-brow 
ters according as the paſſions change their nature. To ex- 
preisa ſimple paſſion, the motion is ſimple; to expreſs a mixed 
palion, the motion is compound: if the paſſion be gentle, . the 
motion is gentle; and if it be violent, the motion is ſo too. We 
may obſerve farther, ſays he, that there are two kinds of elevati- 
on in the eye-brows. One, in which the eye brows riſe up in 
de middle; this elevation expreſſes agreeable ſenſations; and it 
to be obſerved that then the mouth riſes at the corners: another, 
n wich the eye-brows rife up at the ends, and fall in the 
middle; this motion denotes bodily pain, and then the mouth 
als at the corners. In laughter all the parts agree; for the eye- 
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brows fall toward the noſe and over the eyes, and the mou 
riſes that way. It is to be obſerved allo that the mouth is th; 
part of the face which more particularly expreſſes the emotion: 
of the heart: for when the heart complains, the mouth falls x 
the corners; when it is at eaſe, the corners of the mouth ar 
elevated; and when it has an averſion, the mouth ſhoots for. 
ward, and riles in the middle. 
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% The Head,” ſays M. De Piles, « contributes more to tie 
expreſſion of the paſſions than all the other parts of the body 
put together. Thoſe ſeparately can only ſhew ſome few pi. 
ſions, but the head expreſſes them all. Some, however, ar; 
more peculiarly expreſſed by it than others; as humility, hy 
hanging it down; arrogance, by lifting it up; Janguiſhmen, 
by inclining it on one fide; and obſtinacy, when with a {if 
and reſolute air it flands upright, fixed, and ſtiff between the 
two ſhoulders. The Head alſo beſt ſhews our ſupplications, 
threats, mildneſs, pride, love, hatred, joy, and grief, Tie 
whole face, and every feature, contributes ſomething : eſpeci- 
ally the eyes, which, as Cicero ſays, are the Mindhius of ti! 
Soul, The paſſions they more particularly diſcover are, ple 
fare, languiſhing, ſcorn, ſeverity, mildneſs, admifation, and 
anger; to which one might add joy and grief, if they did not 
proceed more particularly from the eye-brows and moutl; 
but when thoſe two paſſions, fall in alſo with the language df 
the eyes, the harmony will be wonderful. But though the 
paſſions of the ſoul are moſt viſible in the lines and features of 
the face, they often require the aſſiſtance alſo of the other part 
of the body. Without the hands, for inſtance, all action is 


weak and imperfect ; their motions, which are almoſt infinite, 


create numberleſs expreſſions : it is by them that we ar, 


hope, promiſe, call, ſend bach; they are the inſtruments df 


threatening, prayer, horror, and ßraiſe; by them we approva 
condemn, refuſe, adnit, fear, aſh; expreſs our joy, and gri 
our doubts, regrets, pain, and admiration. In a word, it maj 
be ſaid, as they are the language of the dumb, that they con- 
tribute not a little to ſpeak a language common to all nations 
which is the language of painting. But to ſay how thele parts 
muſt be diſpoſed for expreſſing the various paſſions, is impo. 
ſible ; nor can any exact rules be given for it, both becaut 
the taſk would be infinite, and becauſe every one mult be 
guided in this by his own genius, and the particular turm 0 
his own ſtudies.” 

Plate XV, Proportions of the figure from actual mealure- 


ment. 
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Tur MEASURES or Tre HUMAN BODY : FROM 


FRESNOY. 


The Ancients commonly allowed ei ht heads in height to their 
eures, though ſome of them have but ſeven ; but we ordina- 
rity wide figure into ten faces; that is to ſay, from the 
dom of the head to the ſole of the foot, in the following 
manner. 

„om the crown of the head to the forehead | is the third part 

f face. 

the face begins at t the root of the loweſt hairs which are 
von the torehead, and ends at the bottom of the chin. 

*The face is divided into three proportional parts ; the firſt 
ehntains the forehead, the ſecond the noſe, and the third the 
month and chin. 

From the chin to the pit betwixt the colla -bones, are two 
lengths of a noſe. 

From the pit betwixt the collar-bones to the bottom of the 
breaſt, one face. 

From the bottom of the breaſt to the navel, one face. 

From the navel to the genitors, one face. 

From the genitors to the upper part of the knee, two faces. 

From the ancle to the ſole of the foot, half a face. 


A man, when his arms are ſtretched out, is, from the 


longeſt finger of his right hand to the longeſt of his letr, as 
broad as he is long. 

From one ſide of the breaſts to the other, two faces. 

The bone of the arm called Humerus, is the length of two 
faces, from the ſhoulder to the elbow. 

From the end of the elbow to the root of the little finger, 


fades. 


From the box of the ſhoulder- blade to the pit betwixt the 
collar-bones, one face. + 

t you would be ſatisfied in the meaſures of breadth from the 
extremity of one finger to the other, ſo that this breadth ſhould 
de equal to the length of the body, you muſt obſerve that the 
boxes of the elbows With the Humerus, and of the Humerus 
with the ſhoulder-blade, bear the proportion of half a face, when 
the arms are ſtretched out. 

he ſole of the foot is the ſixth part of the 8 of the figure. 

The hand is the length of the face. 
The thumb is in length note. 


tie bone called CO, with part of the Hand, contains two 
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The inſide of the arm, from the place where the muſche 
diſappears which makes the breaſt, called the pectoral muſele 
to the middle of the arm, is four noſes. | 

From the middle of the arm to the beginning of the hand, i; 
five noſes. 

The longeſt toe is one noſe long. 

The two outer aiot Parts 0! LLLC nipples and the pit betwixt the 
collar- bones of a woman, make an equilateral triangle. | 


Bl 


9 # * Or * * * 


Or DxAw ix HUMAN FIGURES. 


To draw the human figure at length, firſt form an oval for 
the head, then draw a line from the bottom of the head fix 
times the length of that oval. | | 

If a figure ſtand upright, a perpendicular line from the top of 
the head to the heel, diyides it into two equal parts. The 
bottom of the belly is the center of the figure. The lower part 
divided into two equal parts, the middle is the middle of the 
knee, From the throat—pit to the pit of the ſtomach, meaſures 
one face, which is three-quarters of a head ; from thence to the 
navel is another face, from thence to the lower rim of the belly 
is a third face. . | 

Remember in whateyer you intend to draw, firſt to ſketch 
its ſeveral parts, judging of the diſtances and proportions, without 
uſing the compaſſes, by your eye, which by degrees will be able 
to judge of truth and proportion, and will become your beſt 
guide. Always begin with the right fide of the piece you are 
copying; for by that means you will always have what you 
have done before your Eyes; and the reſt will follow more 
naturally, and with greater eaſe: whereas if you begin with 
the left fide, your hand and arm will cover what you do firli, 
and deprive you of the ſight of it, by which means you will 
not be able to proceed with ſo much eaſe, pleaſure, or cer 
tainty. . 1 | 

eee the human figure, firſt ſketch the head, then the 
ſhoulders and arms; then the trunk of the body, the hips on 
both ſides, obſerving their juſt breadth, &c. then the legs 
and feet. > oe 1 | 

Endeavour to form all the parts with truth and juſt pro- 
portion; not one arm or one leg bigger or leſs than the other; 
not broad Hercul-an ſhoulders, with a thin and flender waiſt; 
nor raw and bony arms, with thick and gouty legs; but preſerv- 
Ing a juſt ſymmetry among the members. 95 7 
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1; the human figure exhibits very different appearances in 
(ferent ATTITUDES, we have thought proper to offer a number 
of fe ches, whoſe principles may direct the ſtudent in his con- 
ceptions of their various combinations ; and which offer legs, 
ad rms, &. in many poſtures. 

ae XVI. No. t. Is a figure reſting pretty much on one 

es, laying his hand on his oppoſite ſhoulder, proving by this 

icon, that the elbow of that arm is advanced only ſo far over 
the ſomach as to make a friangle with his two ſhoulders. 

No. 2. A man looking at his heels behind him : to do which, 
he is obliged to bend his knees forward, to bend his loins back. 
ward, to bend his neck ſideways, and in ſhort to ſtretch almoſt 
every dart of his figure. N. B. It appears that ſo much of the 
weigut of 18 figure as is thrown forward by his action, is com- 
penlated by an equal weight thrown backward trom ſome other 
hoy 

. This figure ſhews that the two arms of a man croſſed 


TH in al tis back form a ſquare; and this is the utmoſt to which 
he can ſtretch them, without 1 


No. 4. A man carrying a load; wherein obſerve that ſo much 


weight as his load throws on one fide, is compenſated by the 

reicht of his body thrown on the other ſide: nevertheleſs, in 
moving forward, a part of the weight of his body is thrown for- 
wad, to enſure his progreſs toward that part whither he enclines 
to proceed. | 

Plate XVII. No. 1. Shews that the violent exertion or ex- 
tenſion of the arm, or of any member, muſt be compenſated 
by a proportionate weight on the other fide of the body. 

No. 2. Shews that a leſſer exertion, or extenſion, requires 
es weight to compenſate it: the whole of this figure is more 
ſedate, and in flower progreſs, than the former. 

No. 3. A figure reſting on both legs nearly equally ; in con- 
ſeguence, this figure i is at reſt. 

No. 4. A figure balancing itſelf, and to keep itſelf from falling 
extending an arm, thereby counterpoiſing its other parts. 
N. B. Ly the impulſe from its feet, it can give conſiderable 
notion throughout the whole figure with little exertion. 

Fate XVIII. No. 1. Is a very violent exertion to throw 
1 proportionate to the violence exerted by the arm, will 

e the diſtance which the dart will reach. 
| ' No.2 2. A cooler and leſs violent action, conſſquently the ſub= 
jt thrown will not reach fo far as the former. 

No. 3. No. 4. Two men puſhing and pulling. 

Plate XI. No. 1. A man walking againſt a high wind: 

KWing, that according to the reſiſtance which he meets from 
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mat element, he will protrude his »pper parts, in order to coun. 
terbalance, by his weight thrown forward, the weight of al 


againſt which he ſtruggſes. 


a. 
C 


; No. 2. A Hercules in the action of ſtriking ſomewhat heloy 
him, in which the elevation of his arm, and 'of his club, in 


order for their more rapid deſcent, deſerves notice. 


No. 3. A group, — Hercules ſtrangling Antæus: in which 
Hercules has not only to counterbalance the weizht of his adver. 


fary, but to reſiſt the impulſe of his own exertions in comprel. 


ſing the body of his enemy. 


OF DRAPERY. 


In caſting drapery properly and elegantly, many things are 19 
be obſerved. 1. Che eye, muſt never be in doubt of its object, but 


the ſhape and proportion of the part or limb, which the drapery 
is {ſuppoſed to cover, mult appear; at leaſt ſo far as art and pro- 
bability permit; and this is ſo material a confideration, that many 
artiſts draw firſt the naked figure, and afterwards put the dis. 
peries upon it, 2. Nevertheleſs the drapery muſt not fit too 
Cloſe to the parts of a figure; but ſeem to flow round, and, a 
it were, to embrace them; yet ſo as that the figure be eaſy, and 
have free motion. 2. Draperies which cover parts expoſed to 
great light muſt not be fo deeply ſhadowed as to ſeem to pierce 
them; nor ſhould thoſe members be croſſed by folds whok 
effects are too ſtrong ; leſt by their too great depths of ſhadow, 
the members look as if they were broken. 4. Great folds mul 
be drawn firſt, and then leſſer ones; and great care mult be 
taken that they do not croſs one another improperly. 5. Fold 
in general ſhould be large, and as few as poſſible. Howe) 
they mult be greater or ſmaller, more or fewer, according to tt 
Quantity and Quality of the ſtuffs whereof the drapery is mad 
Ihe quality of the wearer, is alſo to be conſidered. The dz 
pery of a Magiſtrate, ſhould be large and ample ; that of a cout: 


try clown or a ſlave, coarſe and ſhort; that of a lady or a nymp! 
light and ſoft. 6. Suit the garments to the attitude of the fig 


and make them conform to it; the cloſer a garment fits the boch 
the narrower and ſmaller are its folds. 7. Folds well imagined 
give much ſpirit to action; becauſe their motion implies a 10} 
tion in the acting member, which ſeems to draw them forcibiy 


in proportion as the action is more or leſs violent. 8. An art 
complication of folds, in a circular manner, greatly helps the effec 


of fore-ſhortenings. 9. Silk and fine linen have little folds and 


light ſhadows. IO. Obſerve the effect of the air or 27 yy 
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| dearings of each part of an original by the eye. 


BRAWING, 27 


drapery in order to draw the looſe apparel all flying one ay: 
1. Rich ornaments, judicioutly and ſparingly uſed, may ſome- 
mes contribute to the beauty of draperies. . But ſuch orna- 
ments are far below genuine dignity, eſpecially of angels or hea- 
cenly figures; Whoſe draperies ought rather to exhibit grace and 
noblenels, in the folds, than in the fabric of the ſtuff, or the 
guter of orraments. 12. Light and flying draperies are proper 
"ly to figures in great motion, or in a ſtrong wind; but when in 
: calm, or free from violent action; large and flowing draperies, 
by their contraſt, and the fall of their folds, appear with grace and 
dignity 


* * a 4 <4 * * a 


Ox prawing LANDSKIPS, BUILDINGS, &e, 


Tuls is a very uſeful part of drawing, as it is what every 
man may have occafion for at one time or another. To be able 
on the ſpot, to take the ſketch of a fine building, or a beautiful 
proſpect ; of any curious production of art, or uncommon ap- 
pearance in nature; is not only a very deſirable accompliſhment, 
Rocks, mountains, fields, 
woods, rivers, Cataracts, citjes, towns, caſtles, houſes, fortifi- 
cations, ruins, or Whatever elſe may preſent itſelf on our jour- 
nies or travels, in our own or foreign countries, may be thus 
brought home, and preſerved for our future uſe, either in buſi- 
nels or converſation.” ; : 

All drawing confiſts in nicely meaſuring the diſtances and 
To facilitate 
tlis, imagine the original to be divided into ſquares. - So far 
at leaſt as a perpendicular and a horizontal line croſſing each 
other in the center of the picture you are drawing from: then 
luppole two fuch lines croſſing your own copy. Obſerve in the 
original what parts of the deſign thoſe lines interſect, and let 
them fall on the ſame parts of the ſuppoſcd lines in your copy: 
| ſay the ſuppoſed lines, becaufe though engravers, and others, 
who copy with great exactneſs, divide both the copy and original 
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imo many ſquares, as in the margin, yet this to aſtudent is a very 
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injurious method; and is apt to deceive the learner, who wil 
fancy himſelf a tolerable proficient, till he comes to draw after 

nature, where theſe Helps are not to be had, when he Will find 
himſelf miſeraby at a lots. 

To draw a landſkip from nature, take your ſtation at the 
moſt favourable point of view, as on a riſing ground, where 50 
have a large horizon; and mark your tablet into three diviſings 
from the top to the bottom, divide in your own mind the land. 
ſkip before you, into three diviſions alſo. Then ſteadily viey. 
ing the horizon, Keep your body fixed, and draw what j;| 
before you ; every thing exactly, with reſpect to diſtance and 
proportion. 7 

Thoſe. are injudicious who make their landſkips mount uy 

| higher and higher, as if they ſtood at the bottom of a hill to take 
j the proſpect. Make the neareſt objects in your piece the 
j | higheſt, and thoſe that are farther off, lower and lower, till they 
| come almoſt level with the line of the horizon, leſſening every 
| | thing proportionably to its diſtance, and obſerving alſo to . 
| your objects fainter and leſs dictinct, the farther they are 
moved from your eye. Make all your lights and ſhadows al 
| one way; and let every thing have its proper motion, as trees 
ſhaken by the wind, the {mall boughs bending more, and the 
p large ones leſs ; water agitated by the wind, and dajhing againſt | 
| ſhips or boats; or falling from a precipice upon rocks and 
| ſtones, and ſpirting up again .into the air, and ſprinkling all 
about ; clouds A0 in the air, now gathered with the winds, 
= | now violently condenſed into hail, rain, and the like ; always 
remembering, that whatever motions are caufed by the wind 
muſt be all made to move the ſame way, becauſe the wind can 
blow but one way at one time. 
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As the article landſcape is treated at large, and may be had 
ſeperately by the author of the preſent work; under the title of 
the LAN DSCAPE MAGAZINE, we refer to that publication, 


ſuch of our readers as deſire more particular information on this 
ſubject. 
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INTRODUCTION 


To THE ELEMENTARY PRINCIPLES OF 


ARCHITECTURE. 


AzcmrecTURE as a Profeſſion, is ſo very extenſive that it 
cnnot be ſuppoſed we deſign to offer it at length; yet as it is an 
at which is conſtantly preſenting ſubjects for remark, no young 
x:rſon ſhould be ſuffered to remain intirely ignorant of its general 
principles; an acquaintance with theſe is ſure to be wanted in the 
courſe of life, and fometimes upon occaſions of importance, and by 
bmeperſons ſuch acquaintance is wanted often; beſides this, as the 
cp this art are conſtantly occuring, itis well worth while 
t) know at leaſt the names of the principal, and of their com- 
ponent parts: it is proper to be able to diſtinguiſh the orders for 
nance, not to call the Doric, Corinthian; and the Corinthia 
Doric and to name the members rightly, not to call the capital, 
llebaſe, and the baſe, the capital; or an aſtragal, a hollow, &. to 
(iinzuiſh the nature of a plan, a ſection, &c.— this may poſſi- 
dy be required of the youth who now little thinks of it, but who if 
e has the initiatory principles of information, will poſſeſs a pro- 
lrious advantage over total ignorance. Now to correct ſuch 
a ſo far as we can, is the deſign of the following conciſe 

le; if further information is We we muſt, as before, refer 
0 bur lar ger work. 8 | - 


ARCHITECTURE 


ARCHITECTURE, mn th 


ARCHITECTURES uſually divided, with reſpect to its obje4; Th 
into three branches, civil, military, and naval. = FA 
Civil ARCHITECTURE (of which only we treat) called a, Tg 
generally, and by way of eminence, Architecture, is the art c Th 
contriving and executing commodious buildings for the uſe; H the fo 
civil life, as houſes, temples, theatres, bridges, &c.- capita 
Nature and neceſſity taught the firſt inhabitants of the earth f Th 
build themſelves huts, tents, and cottages : from which, ther MI Furth 
gradually advanced to more regular habitations, with variety c ©*'* U 
ornaments, proportions, &c. | eight 
Architecture may be diſtinguiſhed, with regard to its ſever; i 11107 
periods, into antique, gothic, modern, &c. alſo with regard to the The 
ſtyle of the nations where it has been practiſed, as Egyptian, Gre. i com 
ciam, Roman, Italian, Engliſh, &c. | ofen 
Architecturę has five arders; i. e, of columns, by whoſe prinei- 0er. 
ples the whole of a building is regulated, the definitions /itruvin, Mat ©” 
Harbaro, Scamoxzi, c. give of an order, are ſo obſcure, that it dentils 
were vain to repeat them : without dwelling, therefore, on defi- In / 
nitions of words, it is ſufficient to obſerve, that of the five rr; WMH )c ten 
of columns; three are Greek, viz, the Doric, Tonic, and Corinthian, cnc 
and two Italic, viz. the Tuſcan, and Compoſite. rut? 
The origi of orders is almoſt as ancient as human ſociety: or 
the rigour of the ſeaſons led men firſt to make little cabins, r dunlit) 
thelter ; halt under ground, the half above being covered with ſtub- 01 Wate 
ble: at length, they planted trunks of trees an-end, laying others WM For 
acroſs, to ſuſtain the covering. | Is, the 
Hence they took the hint of more regular Arehitecture; for the cal 
the trunks of trees, upright, ſuggeſted columns: and the crols brew-h1 
beams gave the hint of entablatures ; as the coverings ending Me. ** 
points did of pediments. This is Vitruvius's hypotheſis. eri 
At length the Greeks regulated the height of their columns in light, 
reference to the proportions of the human body ; by the Dare Iront of 
repreſentinga ſtrong, robuſt man; by the Ionic, a delicate woman nom th 
by the Corinthian a ſlender girl. | | the Sens 
To give a general Idea of the Orders; we obſerve, that each Provide: 
order is compoſed of two parts, at leaſt, viz. the column and the jaflour 
entablature; or of three parts, if there be a pedeſtal under tix 8 / 
column. The column has three parts, viz. the Baſe, the Shaft furl, 
and the Capital. The entablature alſo has three parts, viz. tif O the | 
Architrave, the Frieze, and the Cornice : which parts differ The 1 
in their proportions in the ſeveral orders. z "gp 
The Fuscan ORDER is the molt fimple, and moſt ſolid: is <* 
column is feven diameters high; its capita}, baſe, and entabla« * br 


ure have tew mouldings, or ornaments, 5 


Ta 


6.25600] 
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The Doric ORDER is the ſecond. The height of its column 
is cioht diameters. Its frieze is divided and ornamented by 
Tryglyphs, and Metopes. 

The Iox ie ORDER is the third; and is more delicate than 
me former. The height of its column is nine diameters. Its 
capital is adorned with volutes, and. its cornice with dentils. 

The CoRINTHIAN ORDER, invented by Callimachus, is the 
fourth, the richeſt, and moſt delicate. Its column is ten diam- 
eters high. Its capital is adorned with two rows of leaves, and 
eight volutes, which ſuſtain the abacus. Its cornice has mo- 
1 dillions. : 

The ComPosITE ORDER, is fo called, becauſe its capital 
js compoſed from thoſe of other Orders; having the two rows 
of leaves of the Gorinthian order, and the volutes af the Ionic 
order, It is alſo called the Roman, becauſe invented and uſed 
at Re. Its column is ten diameters high; its cornice has 
dentils. : | | 

In Building there are three things chiefly to be ſtudied : Con- 
renience, Firmnefs, and Pleaſure. To attain theſe, we may 
conſider this ſubject under two heads, the ſituation and the 
Irutture. | 
Fir the fituation of a building, regard ſhould be had to the 
quality, temperature, and falubrity of the air; the conveniency 
of water, fuel, carriage, &c. and the beauty of the proſpect. 

For the diſtribution of the parts of a building, the obſervation 
ie, the chief rooms, {tudies, libraries, &c. are to he toward 
the catt: offices that require heat, as kitchens, diſtillatories, 
brew-houſes, &c. to the ſouth : thoſe that require a freſh cool 
ur, as cellars, pantries, granaries, &c. to the north ; as alſo 
2alleries for paintings, Muſeums, &c. which require a ſteady 
light, The ancient Greets and Romans generally placed the 
front of their houſes to the ſouth ; but the modern Italians vary 
rom this rule.—Indeed in this matter, regard muſt be had to 
the general properties of a country, all places being obliged to 


< Wo ide againit their reſpective inconveniencies ; ſo that a good 
he Tf our in Kg: might make a good cellar in England, 

e De /fru dure of a building, may be conſidered as compoſed 
5 f firlt, the principal parts; then the acceſſuries, or ornaments, 


o the principals belong, the materials, and the form. 

The materials of a buiiding are either ſtone, marble, brick, 
r Wood, as fir, oak, &c. | 
The form of a building, muſt either be ſimple or mixed. The 
mple forms are either circular or angular: the mixed are com- 

wunded of both, | | 
„ The 
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cular to the ground-work; the right- angle being the cauſe 
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The circular form is commodious, of great ca acity 5 trop 
durable, and beautiful; but the moſt chargeable ; loſes Wie 
room when divided; and has an ill diſtribution of light, excey, 
from the center: the ancients therefore, uſed the circular form 
only in../['emples and Amphitheatres, which necded; no com. 
partition. Oval forms have the fame inconyeviencies, without 


* * 


the ſame conveniencies; being of leſs capacity. 


Sir HENRY Wor ro obſerves, that building neither Joves 
many, nor few angles: the triangle, e. gr. is condemned, 
wanting capacity and firmneſs; as allo, becauſe wcapable of 
being gracetully reſolved into any other regular figure in the 
partitions, beſide its own. F igures of five, ſix, ſeven, or more 
angles, are fitter for fortifications, than for civil building; 
There is, indeed, a celebrated burlding of Vignola, at Caprasa 
in form of a Pentagon; but the Architect had prodigious diff. 


culties in diſpoſing the lights, and BA, the vacuities. Rec 


tangles are preferred, as being a juſt mediumbetween extremes, 
Of theſe an oblong, provided the length does not exceed thy 


breadth by above one third, is uſually moſt eſteemed. __ 


Mixed figures, partly circular, partly angular, may be judge 
by the rules which regulate the ſimple ones; but they offend 


againſt uniformity, though they admit molt, variety; and how 
Ever. uniformity and variety may ſeem to be contrary to cal 
other; yet they are both neceſlary toa happily compoſed vuildin 
The parts of a building, have been compriſed under five heads 
vi the foundation, the walls, the apertures, the difiributin 
and the coverings. _ - 5 5 
For the foundation, Vitruvius orders the ground to be du 
up to examine its firmneſs; and it's apparent ſolidity not to! 
truſted to, unleſs the whole mould cut through” be found ſol 
The depth of the digging, Palladio limits to a ſixth part of f 
height of the building, for ſtructures of great magnitude, al 
I his Sir H. Motion calls the natural foundation, whereon ate 
ſtand the walls, which he calls the artaficzal foundation”; this ff 
is to be the level, its loweſt ledge, or rms, being of hows 
laid with mortar, and the broader „ leaſt twice 
brdad as the wall. Some add, that the materials hclow ſol 
be laid juſt as they grow in the quarry, luppoling Me? to hal 
the greateſt ſtrength in their natural poſture. De Lorme emos 
this, by obſerving, that the breaking of a ſtone in this pat 
the. fabric, though but the breadth of the back of a knite, * 
make a cleft of above half a foot in the ſuperſtructure, 
The great laws of walling are, that all walls ſtand perpene 
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bility: that the maſſieſt and heavieſt materials be loweſt, as 
ter to bear than to be borne: that the vork diminiſh in 
thickneſs as it riſes: that certain courſes, of ſuperior ſtrength 
be occaſionaily inſerted to ſuſtain the fabric, if the under parts 
chance to decay: and laſtly, tfat the angles be firmly bound, 
and united; theſe being the nerves of the whole, and commotily 


frtified, by the Jlaliant, at the corners, even in briek bnildinigs, 
with ſquared ſtones; Which add both beauty and ſtrength: 
The APERTURES, are either doors, windows; ſtaircaſes, 
chimnies, drains, &c. with regard to the laſt, art ſhould imitate 
Nature in theſe ignoble conveyances, and ſeclude them from 
foht, with the utmoſt poſſible addreſs,” 7 7 7 99 02 gti 
In diſtribution there are two general views, graceſulnaſ and 
iſefulneſs : gracefulneſs conſiſts in a double analogy or correſ- 
ondence ; firſt, between the parts and the whole; a large fabric 
ſhould have large partitions, entrances, doors, columns, and, 
in general, ail the members large. The ſecond analogy is be- 
tween the parts themſelves, with regard to length, breadth, and 
leicht. The ancients determined the length of their rooms; 
that were oblongs, by double their breadth ; their height by 
half their breadth and length, added together. Whei the 
om was ſquare, they made the height half as much more as 
the breadth ; theſe rules the moderns diſpenſe with; ſometimes 
quaing the breadth, and making the diagonal theredt the mea- 
ure of the height; and ſometimes more: according to cir- 
cumſtances, which require adaptation and management. 
UszFULNESS, conſiſts in having a ſufficient number of rooms 


ech kind, with proper communications, and without inter- 
rence. The chief difficulty lies in the lights and ſtair-caſes. 


The ancients were pretty eaſy on theſe heads, having generally 
yo cloiſtered open courts, one for the wotnen's fide, the other 
or the men's: thus the reception of light into the body of the 
uldng was eaſy; which, among us, mul be ſupplied either 
by the open form of the Building, or by graceful refuges or 
breaks, by ſky-lights, &c. As to placing the offices, they ſhould 
e neither ſo near as to be offenſive, or intruſive on the com- 
pay, nor ſo diſtant as that too much time ſhould be conſumed 


paſſing to, or from them.” 15 e?6TOM 014 Diet 
la the diſtribution of lodging-rooms, it is à popular fault 
Wong the 7721/2775, to calt the partitions ſoz that when'the' doors 
it all open, a man may ſee. through the whole houle'! grounded 
n ihe ambition of ſhewing a ſtranger all the furniture at once 
his is an intolerable hardiRip on all the chambers except the in- 
ul where none can artiye, e FTE 
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ſhifts 3-through which his own ſagacity, more then any rule not, 
muſt conduct him. For inſtance, he will be frequently put to cond, 
ſtruggle with ſcarcity of ground; fometimes to ruin the ay. all A 
pearance of one room for the benefit of the reſt; in general, his In 
aim ſhould be to make thoſe the moſt beautiful which are moſt ther 1 
inſight ; and to leave the reſt, as it were, in ſhadow, &c. tion ; 
In the covering, or roof, two extremes are to be avoided, the p 
the making it too heavy, or too light: the firſt will preſs too wind: 
much on the ſupports; the latter has no leſs inconvenience; Vit 
tor the cover is not only a defence, but, a band or ligature to the the w 
wlole building; and requires a reaſonable weight. Cate ſhould mode 
be taken, that the preſſure be equal on each fide; nor ſhould the d. 
the whole burden be laid on the outward walls, but the inner WM bread 
ſhould likewiſe bear their ſhare.— The Haliuns are curious in Wl aoreer 
the proportion of the ſlope of the roof; dividing the whole WM relatic 
breadth into nine parts, whereot two ſerve for the height ot e betian 
higheſt ridge to the loweſt: but in this, regard muſt be had o tcrtain 
the climate, for thoſe climates which fear the falling of fo attend 
ought to have ſharper roots than others, that the ſnow may be 574i, 
of leſs quantity and weight. T Dr. 
The „ or ornaments of buildings, are derived fre 5—1 
painting and ſculpture. The chief rules to be regarded in em rooms 
belliſhment with pictures are, that no room have too much day, 
(this does not include galleries, or the like:) that the beſt piec i ſobſtar 
be placed in the moſt advantageous lights : rooms with fc es, 
windows, are enemies to pictures, nor can any picture be icen ii 4. Let 
perfection, unleſs illumined like nature, wWitii a ſingle light right a 
Alſo in their diſpoſition, regard muſt be had to What fide th from t! 
light comes from, to their height from the eye; Which is de fan 
moſt natural for the ſpectator; and their ſubjects muſt be ac The 
commodated to the intention of the room they are uſed in nn dra: 
Ornaments of ſculpture, muſt not be too abundant; eſpecull Firſt 
at the approach of a building, or at the entrance; where DW trbutio 
ornaments are preferable to Corinthian ; fine ſculptures, though conven 
always have the advantage of nearneſs to the eye, and coarh their di 
performances of diftance from it. A k 
To judge of a building, Sir H. Melton lays down the (8 eghts 
lowing rules. That, before giving any judgement, a pet ö term 
be informed of its age; fince, if apparent decays exceed The 
due proportion of time, it may be concluded,” that the-htuatiol of the f. 
the materials, or the workmanſhip, is bad. If it be found by m 
dear its years well, let him advert, from the ornaments © mate m 
fequire, 


things which ſtrike the eye ſirſt, to the more eflential * 
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wing determined on theſe, he may pronounee whether, or 
ot, the work be commodious, firm, and delightful; the three 
conditions in a good ei, firſt laid down and. agreed on by 
1 Authons. 1 1 Hf rde e dd i ER a 3 

In this judgement ſhould be included the confideration, whe- 
her the walls ſtand-upright,. upon a clean footing and founda- 
ton; whether! the þri/ding be of a beautiful ſtature; whether 
the principal entrance and others be well placed; as alſo the 
windows, affe, Se, .,. M TE et, Ss AA O08 

[uruvins gives another method of judging: ſumming up 
the whole art under theſe fix. heads: Ordination, or ſettling the 
model and ſcale of the work; diſpgſitian, the juſt expreſſion of 
the deſign thereof; eusmthmy, the harmony between the length, 
breadth, and height of the ſeveral rooms, &c. /yxmmetry, or the 
agreement between the parts and the whole; decor, the due 
relation between the building and the inhabitant: and diſtri- 
utian, the uſeful allotment. of the ſeveral rooms for office, en- 
ſerainment, or pleaſure, — Theſe laſt four are ever to be ſtrictly 
attended to: and theſe are ſufficient to condemn or acquit any 
luiluing whatever. | | 1 

Dr. Fuller gives us two or three good aphoriſms in buzlding; 
21. Let not the common rooms be private, nor the private 
roms be common.—2. A houſe had better be too little for 
a day, than too big for a year.—3 Country-houſes muſt be 
ſobſtantives, able to ſtand of themſelves : not like city buz/d- 
irg ſupported and ſheltered on each fide by their neighbours. 
4. Let not the front look aſquint on a ſtranger : but accoſt him 
right at his entrance. 5. Let the offices keep their due diſtance 
from the Manſtion-houſe; thoſe are too familiar, which are of 
the ame pile with it. | 

The deſign of an edifice is commonly laid down on three ſeve- 
tl draughts. | = 

Firſt, a Plan, which exhibits the extent, diviſions, and dil: 
bution of the ground, into the various apartments, and other 
conveniencies. Plans are often made for the feveral ſtories : as 
their diſtribution may differ occaſionally. 

A ſecond drawing repreſents externally the ſtories, their 
heights, and the general appearance of the whole building: this 
b termed, an Elevation. | 

The third drawing is the Seen, and ſhews the internal parts 
of the fabric; the front wall being ſuppoſed abſent. | 

by means of the = the elevation and the ſection, an eſti 
mate may be made of the expence, time, &c. a building may 
quire, according to its meaſurement. And the moſt accurate 

| eſtimates 
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eſtimates are neceſſary in this art, becauſe ſome things always 
occur that could not be en but tor which in good ell. 
mates allowance is regularly made. 
For it is to be! regretted that there are fome who being too 
great encouragers of building, ruin themſelves, and the work. 
men they employ, by gratifying their deſires beyond the limits 
of their fortunes. Hence we too frequently ſerʒ before the ex. 
; pwation-of half a century, very ſtately and magnificent: ſeas 
which have coſt immenſe ſums, run to decay; or elſe by the 
money ſunk in the erection of ſuperb edifices, and the exp 
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the plans of the columns, —— on thoſe baſes. Iheſe plans 
hew alſo, the diſtances between the columns, ho- they: are 
meaſured, and ho- wo to en ere e appearances, clofer; 
or more diſtant,” ct TY TOgaht 14d) ehe ids 


only one diameter and a half diſtant. 


third is called Diastyle being three diameters diſtant; and the 
fourth the Areo/iple is four diameters diſtant; colunm from column. 
The Euchle is two diameters and a quarter diſtant : : this appeared 


diſtant. The diameters of columns are always meaſured at the 
bottom of the ſhaft. _ 
Plate IT. Repreſents the different heights of the various or- 
ders, drawn to the fame diameter : and ſhews how they differ in 
ſenderneſs, from the ſolid Tuſcan to the elegant Compoſite : as 
well the pedeſtal, as the ſhaft of the column, and the entablature; 
theſe figures alſo ſhew the peculiarities of ornaments, and pro- 
greſive richneſs of the orders. 
Plate III. The Doric order: the names of the parts are 
marked on the plate, theſe ſhould be ſtrongly committed to me- 
mory: and alſo the peculiarities of each order: obſerve, the ſharp 
* of the column, and the trygliphs in the frieze, are pecu— 
lar to the Doric order: and whenever you ſee theſe ornaments 
they mark this order. 
Plate IV. The Ionic order: the names of the parts are 
marked on the plate: commit theſe alſo to memory. The volute, 
or {croll at the capital, is peculiar to this order; aud marks it. 
No. 2. ſhews a volute whoſe two faces are not alike. No. 3. 
lhewsa volute, which being ſeen on an angle both its faces are 
Aike: the ſirſt is the ancient volute to this order; the latter is 
the invention. of Pal ladio. 
Plate V. The CoRINTHIAN order: the foliage of the capi- 
aldiſtinguiſhes this order. This is in fact the moſt complets 
of the orders; ; in point of richnels it is capable of receiving any 
quantity of ornaments, and is more chaſte, and appropriate than 
the compoſite order. 
| Plate 


Plate 1. This late; vantairis Mans of eulnmn e, the ſquare dine. 
hews the plan of the baſes; as the circular and ſhaded: paris, heu- 


The firſt is called Prog tes or ena ine columns being 


The ſecond is called Syſyle being two diameters diſtant; the 


Iitruvius the moſt agreeable medium between t cloſe and to 
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| ARCHITECTURE. 1 
Plate VI. The Couros ir order that is to fay, the Toni 
order engrafted on the Corinthian, by the addition of the lon\ 
volute on the corinthian capital, and the Tohic dentils in the en. 
tablature, &c. the eharacteric of this order, is richneſs and gr. 
nament, of which all its parts are ſuſceptible.” e 
Plate VII. Shews at large the Bas Es of the ſeveral orders; 
and by forming a compariſon between them, ſhews allo ther 
progreſs in enrichment, &c. 8 1 5 
Plate VIII. Mobrpixds ſuch as are moſt frequently ufc; 
with their names annexed; whereby the ſtudent may learn tg 
diſtinguiſh them, theſe names ſhould be ſtrongly committed ty 
memory. c E | TS EVE 
Plate IX. No. 1. Exhibits the Plan of a Houſe—that is 0 
ſay, the geometrica! repreſentation of the walls of the buildin: 
ſuppoſed to be raiſed only fo high as the level of the ground. Ji 
ſhews the door way or entrance, into the houfe—the paſſage- 
the place for the ſtairs—and the iatended diviſions of the hou 
into rooms. It ſhews, alſo, that at the back front of the houſe 
is a circular window ;—Now none of thele particulars can be 
known from the other repreſentatic as of the ſame edifice 
No. 2. and 3. | | 
No. 2. Is an elevation of the ſame building: ſhewing the ſitu 
ation and height of the door, of the windows, the ſtories inte 
which the houſe is divided, the ornaments adapted, and, i 
ſhort, the general eflect of the front according to the deſign 0 
the architect. i 
No. 3. Is a ſection of the ſame: that is to ſay, a geometrie 


view of the internal conſtruction of the building: ſo much? 


might be ſeen if the whole front wall of the houſe were take! 
away; it ſhews,' the projecting part of the inſide of the rooms 
as of the chimney piece, the diſpoſition of the doors, and occal 
ſionally of the furniture, or other ornaments : or of the timbe 
works, and other principles of conſtruction. | 

Upon reviewing theſe ſigures, it will appear that each ſheny 
ſomewhat which the other is unable to ſhew : but that from then 
all a very clear conception of the forms, proportions, and cone 
niencics, of a building may eaſily be obtained. 
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£1 WHEN we examine cloſely thoſe articles, whoſe apparent. 
73 ſimplicity has determined mankind to conſider them as 
ments, we find them little underſtood, and much of their pro- 
mies remaining in obſcurity : they may ſeem ſimple, and 
atorm, but this rather ariſes from our inability to inveſtigate 
er minuter ſubdiviſions and branches, than from the actual 
ementary termination of their principles. Of this, our pre- 
an ſubject, the Al R, is an inſtance; which, though it has 
ally heretofore been thought pure and uncompounded, yet 18 
and to include many and conſiderable varieties; it poſſeſſes 
i many remarkable peculiarities, whoſe effects are among 
ve moſt ſtriking and amuſing of thoſe exhibited by natural 
piloſophy. 5 
IF ould have been thought formerly a whimſical, if not a 
i opinion, that the air is HEA, yet ſuch is the fact; and 
un might as well be preſſed to death by a weight of air, as 
eight of iron: it is alſo coMPRESSsIBELE into a ſmaller 

eas or ſpace, than it naturally occupies; and, on the con- 
it is EXPANSIBLE into a larger compaſs or ſpace than 
aal; from which principles proceed its different denſities, at 
rent heights above the ſurface of the earth. Air is a fluid, 
me inſtances pretty much reſembling water; but unlike it 

94 chers; for inſtance, it cannot be congealed, or rendered ſolid, 
= ought towards ſolidity. To exhibit a lump of air is be- 

EY | F yond 


Wh + 
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— 


yond our powers, and yet we know that air enters into the com 
poſition of all folid bodies, and perhaps, they owe their lolidit 
to it. The oak is greatly indebted to air for its hardneſs; me 
tals and ſtones are partly formed of air, and every ſubſtance of 
every nature includes this element as one ingredient. A 


ay) 
The realonings of mankind proceed always by compariſon 


a 5 0 
earth and water. are heavy; of this our ſenſes inform us, and in] 
none ever carried either without acknowledging the fact: bu 0 


having no occaſion to carry air, the ſenſes of mankind, WM ... 
unable to detect its weight; nor indeed was that weight capa = .. 
bl e of detection, till by ſome contrivance, a vellel empticd o : 

ir might be made to fhew a dtſſerence from its weight weiß - 


7 

Tull. This has been! ccomplithed; and if we weigh a vel | 
hiled with air, then extract the air from it, and weigh it air _ 
ſuch extraction, by the difference of its weights we find, tha 
a Cubic foot of air weighs upwards of one ounce, - will 
Theſe premites inform us, that the earth is ſurrounded " 65 
1 fluid, riſing very high above us: at the bottom q; f 55 
this fluid (eſpecially, are ſcen myriads of creatures, who be 
exiſtence depends on it, who are perpetually moving about ii -: 
it, and who, though compreſſed by it on all ſides, are ſo adapt ol :..: 
to their ſituation, as to tee] no inconvenience from their im purp 
merſion. Not only fo, but relieve them from this immerſion ;; ..; 
they wall quickly complain of inſupportable anguiſh, and ond ay 
by reſtoring this indiſpenſible fluid, can comfort and enjo »ite 
ment be reſtored to the ſuſſerers. Nor is this all, we {ai cory 
cat the bottom of this fluid” is the flation of theſe being ie 
and to this only they are adapted, for the air becoming thinnd hie 
in proportion to its height, it becomes proportionably unfit f beu. 
reſpiration, the functions of life are performed with diffcul ne 
and every exertion produces pain, weakneſs, and laſſitude: vt 
the contrary, I doubt not, that could we penetrate ſufficien \;..i 
far below the ſuperficies of our habitation, we ſhould find equi den 
pain and equal imbecility, from the too great denſity of H . 
medium which hx contribute to the ſupport of lite. WW 
cannot hreathe in a fluid ſo denſe as water; but deſcending 0 
into the earth, the air 1s capable of much further compreli £ meq 
and denſity than that of water. 1 ler 
It is indeed true, that we are happily ſo tres. as nM may « 
to be greatly affected by thole variations. of air to which we nur 
uſually expoſed ; yet if thoſe, as is undeniable, have their i Ir 
fluence upon us, we may ealily conceive that by extreme Va vou 


ations we {hould be rendered reſtleſs if not miſerable. & atr 


deigh 
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The general WEIGHT of the air is proved, (1) by weighing 
kin a very nice balance; which is performed by placing in 
me ſcale a thin glaſs flaſk, whoſe capacity is known, exhzuited of 
its2ir, under the air-pump ; counterpoile thts by grain weights, — 
then, admitting the air into the flaik, it will gradually overweigh 
rs ccunt :erpoiſe. (2) Py exhauſting the air from a glaſs gob et 
(which is ealy done by burning a bit of paper in it,) then 
cickly turning it-mouth downw ard-on water, the water wiil 
fle, arid fill the inverted glaſs; the reaſon of this is, becauſe 


Pa the weight of the air, on the ſurface of that part of the water 
1 0 nt cevered by the glaſs, preſſes the water bencath it, and force 
he tio paſs wherever it may find admiſlion: 7. e. under the glass. 
al There mult however, it is evident, be ſome bounds to the 
ut vcight of the air; for if we ſuppoſe ſuch a glaſs heightened, 
all in! the water riſing in it, there muſt be ſome point at which i it 

will op, at which the weight of the prefling air, will be coun- 
by terp ſed by the weight of the admitted water; and this is found 
N to be at the height of thirt;-two feet of water. In clear words, 
ho the weight of thirty-two feet of water Couriterpoles that of 
tin equal column of the whole atmoſphere; whole height we 
dich know to be confiderable. This has beenexperimented by pipes 
un 


prpolely made to this length. Ihe proportion of the weight 
air to water being known, we quickly find its proportion to 
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on! ay denſer fluid. Mercury being fourteen times heavier than 
£ vater, a column of air will be able to ſuſtain a column of mer- 
al 


wry only one fourteenth part of the height of a column of 
vater; that is, about 28 or 29 inches. On this principle baro- 
meters are conſtructed ; and by this inftrument we learn, that 
tough the air be always heavy, yet its weight varies, being 
bmctimes a little more, ſometimes a little leſs. Long obſer- 
ation has determined that the column of mercury does not 


2 „ n 
bo S 


eu deny rife higher than 31 inches, nor fall lower than 28 inc! hes, 
cqug tic medium is 29 inches and a half. 
Wo This rifing or falling of the mercury, indicates a more or 
W I vaporated Rate of the 2tmoſphere ; for vapours being lighter 
Bm I ar, riſe and float in it, and by occupying more (pace than 
cu Fe in equal quantity of air, they diminiſh the weight of the atmo- 
biere about them, conſequendy a ſhorter column of mercury 
ien counterpoiſe it: but when the air js free from vapours, its 
ew weight requires a higher column to equal its prefiure. 
.j If we aicend to any contiderable height, as of a hill, or a 


Mountain, we may be ſaid to cut off a portion of the column 
if atmoſphere, (and that the denſeſt Part of it,) equal to the 
"yt we aſeend; we ſhould expect, in courfe, a proport tonate 


2 Part 


wy 8 
n 


6 


part of the column of mercury to be cut off, and we actually 
find, that the mercury ſubſides nearly one-tenth part of an inch 


ſtrument becomes a method of meaſuring the heights of moun- 
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for every hundred feet of perpendicular height; hereby this in- 


tains, &c. merely by indicating the proportionate; weight of the 
air on their ſummits. - 


The moſt wonderful application of the air's weight, is in the 
engine for raiſing water from great depths, mines, &c. com- 
monly called the fire-engine:—human ſtrength fails and needs 
recruiting, but the buſineſs of this engine ſuffers no ceſſation; Þ 
if we change. human ſtrength for that of animals, they alſo fail 
by continued labour: but the philoſopher, by means of a little 
ſteam to procure a vacuum in a cylinder, a little cold water to 
condenſe the ſtream, and. the weight of the air on the top of 
the cylinder, produces a. perpetual effect. In ſome engines the 
weight of the air employed is five, fix, or ſeven tons; and 
they give fifteen or ſixteen ſtrokes in a minute. How little was 
ſo capital an application of this principle foreſeen by thoſe Vir- 
tuoſi, who at firſt amuſed themſelves with conſidering the 
theory of the weight of the air. 1 8 | 

The air covers the earth's ſurface, with a weight equal to 
that of thirty-two. feet of water: what a waſt weight! if the 
whole atmoſphere be thus calculated! but, the weight of at- 
moſphere ſuſtained by ourſelves, is far beyond what curlory ſug- 
geſtion might WE” for, as fluids preſs equally on all ſides, 
every part of us is expoſed to this preſſure. Lo raiſe water 
thirty-two feet, requires a weight of fifteen pounds on every 
ſquare inch; now if we aſcertain the number of ſquare inches 
in the ſurface of our bodies, this, multiplied by fifteen, will 
demonſtrate, that thirty thonſand pounds of preſſure is exerted Y 
againſt us] But the ſtate of the air varies as we obſerved; and 
this variation produces three thouſand pounds preſſure of air, 
more at ſome times, than at others. This great difference, 
muſt neceſſarily aftect the animal functions of our nature, and; 
conſequently our health: aſthmatic perſons, for inſtance, want 
the powers of a clear, denſe, elaſtic air: an air leſs elaſtic, 8Y 
incapable of properly actuating their organs of reſpiration. 

A clear air being beſt adapted to our natural organs, is the 


nap 
al of 
pitt 
le g 
Ice 
tobe 
nal 
Kat 
kn 
i pr 


reaſon why we ſuppoſe the air to be lighteſt in fine weather, (be 
when it is really the heavieſt. — W hereas the fact is, that: then . 
this air braces our nerves and fibres, and invigorating our whole Wiiii 
ſyſtem, renders us alert and lively; relieving us from the op, 
preſſive relaxation which accompanies a leſs favourable ſtate of 4 

Mut 


the air Wearc in this view our own barometers, and can 25 
| Os : certainly W 
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amy tell every variation of the air around us, as the niceſt 
rument; though we cannot aſcertain or adjuſt it by a ſcale of 
kelINgS. EIT NR 
115 natural to enquire, how we are enabled to ſupport this 
ure, not only to fupport, but to be inſenſible of it? We move 
without hindrance, we exert our ſtrength, our limbs, and no 
npediment prevents our motions. Fhe fact is, air poſſeſſes a 
G exactly proportionate to its denſity and weight; thus its 
ence being equal to its preſſure, that preſſure becomes null. 
The proof is eaſy: fill a bladder with air it refiſts the air around 
ton all ſides, with the utmoſt preciſion of reſiſtance: place a 
dicht upon it, it gives way; its ſpring is not equal to ſupport 
tat weight, not being adapted to it, or deſigned for it; extract 
little of the air, its ſpring is diminiſhed proportionably, the 
adder finks. This experiment needs no inſtrument; but un- 
kr ths air-prump, we ſhew the weight of this fluid by extracting 
te air from a thin ſquare bottle, the preſſure be outward air 
n al fides ſoon eruſhes the glaſs. I he ſpring of the air we 
je ſhew, by clofing a ſimilar bottle full of air, and exhauſting the 
rever around it, the air included in the bottle finding no reſiſt- 
nce trom without, eſcapes from confinement, by burſting the 
tle to ſhivers. "The reſiſtance of air, then, is equal to its preſ- 
lre;—and here ws ſee the reaſon of its DENSTLY being greater 
tear the earth, than in its upper regions; becauſe the lower ſtrata 
air ſupport the weight of the upper; and have leſs room 
lterein to expand. | 

Though air penetrates every where, ſo that every thing may 
e confidered as full of it, yet the quantity of air may be increaſed 
naproper recipient. For inſtance, a hollow globe of air, is we lay, 
uot air, but by means of a hollow neck united to it by a valve, 
piſton may be made to drive the air contained in the neck into 
le globe, till, by continued working, the globe ſhall contain 
Mice as much air as before; and this may be continued till the 
tobe (it ſtrong enough) contains twenty or thirty times its ori- 
nal quantity of air. Thus far I myfelf have worked it; but to 
at degree air might fuffer compreſſure by farther ſtrength is 
Anon; anutſhell might contain the atmoſphere ! The clear- 
proof I know of this, is the quantity of air which may be 
ncted from certain ſubjects: a cubic inch of nitre yields five 
tired times its bulk of air e reckoning therefore its earth for 
ting, the air it contained has ſuffered a wonderful compreſ- 
7, by a proceſs of nature unknown to us. We cannot puſh 
s experiment to its extremity 3 human ſtrength, or art, is 
Alec, and ſolid air is beyond our production. * 
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Me turn our attention to the reverſe of this; air is EX 
SIBLE beyond our conception. Heat is the general agent in th =__ 
effect: whether the heat of the ſun on of fire. The force of ou [ 
powder ariſes from the air expanding by heat, and all the fat hol 

effects attending this invention are produced by a little air incl; 6p! 
in the nitre which forms part of the compoſitiqn. Nay, «ll Par 
force of expanding air may be juſtly thought to ſhake the 1M ©" 
earth; and it has been fajd, an inch of air may be expanded to WM”?! 
extent equal to that of the whole annual orbit of the globe. jel 
Such are the general and obvious properties of air, thoſe whit” 
we may any day demonſirate without trouble, it is heavy, coil 
preſſible, and elaſtic; this is further proved by that ſimple intro 
ment the pop-gun, in which, the air ſuffers compreſſure to a cel |” 
tain degree, but beyond that degree it manifeſts its ſpring | 9 
driving the pellet betore it. | „„er 
The perſonal ſervices we receive from this fluid, are obviod e © 
and inceſſant, every breath we draw, we experience them; ite 
a friend whoſe Kind offices every moment ſupport us; exc\u pole 
it we die. The weight of the air is thought to force our juicf . 
to circulation, which is alſo promoted by its elaſticity. It! 
thought alſo io contain a fpirit, which, invigorates our blood 
by mingling with it. We cannot indeed determine h:w it ad 
but that ic really has very great effects on our vital powers, is evi 
dent. hat portion of our blood which has juſt received tif 
action of the air, differs greatly in colour from that which haf 
performed the circulation, being of a fine florid ſcarlet colour 
while that waich returns from its courſe, is of a blackiſh erim 
fon : the air produces this difference. Air was formerly thoug 
to cool the blood, and certainly air carries off a ſomewhat fro 
blood: but we now rather think that air communicates heat to tl 
blood, and that this heat is the {ſpirit which invigorates it. 
Beſide ſupporting animal lite, air conters many other bene 
ts; without air flame will not exiſt, under an exhauſted q 
ceiver a candle quickly expires ; gunpowder will not explode 
ignited woood ceaſes to burn, —propagation and vegetatiof 
make no further progreſs; neither will feeds grow, nor egg 
produce young: and it is not too much to fay, that without all 
the operations of nature would be checked, if not abſolutel 
ſuſpended. 5 
A remarkable inſtance of the neceſſity of air, occurs in fill 
which, though natives of another fluid, to which all their man; 
ners are adapted, yet are furnithed with magazines of air; fro 
time to time they riſe to the ſurface to recruit their ſtock, an 
if totally deprived of air, they die. Fiſh in ponds 1 7 al 
| | r0ZC 
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ſozen Over certainly die, but if the ice be broken to ſupply 
tem with air, they remain unhurt by cold. | 
[f creatures formed for the waters die without air, no wonder 


BS e deſtined to inhabit the atmoſphere, cannot ſubſiſt when 
. yrived of it; every branch of nature depends on this element. 
Clole | 


pants, as we have ſaid, will not vegetate in an exhauſted re- 
ener. All plants have within them a quantity of air, which 
ſpports and agitates their juices, They continually imbibe 
fel nutriment from the ait, to ſupply the wants they ſuſtain 
fm craporation. When, therefore, the external air is drawn 
fo them, they are no longer able to ſubſiſt. Even that quan- 
itz of 21r which they before poſſeſſed, eſcapes through their 
pores into the exhauſted receiver ; and as this continues to be 
lnjuihed, they become languid, grow flaccid and die. How- 
wer, the plant or flower thus ccaling to vegetate, by being 
turd from the external air, is kept ſweet a much longer 


2 time than it would have continued, had it been openly ex- 
1090 oled. 
Fol „Air is ſtill more neceſſary. to the life of animals; there are 


re found, howſoever ſeemingly torpid, that do not require 
heir neediul ſupply. Many have been the animals that idle 
uriolity has tortured in the priſon of a receiver, merely to ob- 
ene the manner of their dying, We ſhall, from a thouſand 
3 1 nitances, produce that of the viper, as it is known to be one 

uc woſt vivacious reptiles in the world: and as we ſhall feel 
but little compaſſion for its tortures. Mr. Boyle took a newly- 
caught viper, and ſhutting it up into a {mall receiver, began to 
pump away the air. © At firſt upon the air's being drawn 
may, it began to ſwell; ſome time after he had done pump- 
to Ms, it began to gape, and open its jaws; being compelled to 
bau its jaws, it once more reſumed its former lankneſs; it 
ten began to move up and down within, as if to ſeek for air, 


bene .T a i a ; 

mlaitcr a while foamed a little, leaving the foam flicking to 

ed rl. - - 5 

1 li in'ide of the glaſs; ſoon after the body and neck grew pro- 
) on a x ; 

atio ou tumid, and a bliſter appeared upon its back; an hour 
MM © 2 half after the receiver was exhauſted, the diſtended viper 
— 5 3 P » . p . . 

vt ed and gave manitelt ſigns of life; the jaws remained quite 


llkended ; as it were from beneath the epiglottis, came the 
beck tongue, and reached beyond it; but the animal ſeemed 
its polture, not to have any life: the mouth alſo was grown 
lackilh within; and in this ſituation it continued for twenty- 
arte hours. But upon the air's being re- admitted, the viper's 
nouta was pretently cloſed, and ſoon after opened again; and 
vr iome time thoſe motions continued, which argued the re- 

| 7 mains 
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mains of life.“ Such is the fate of the moſt-inſignificant or the bene 
minute reptile that can be thus included. Mites, fleas, and bote m 
even the little eels that are found ſwimming in vinegar, die compoſit 


for want of air.“ | 
But, we have to remark, that all air is not alike: there exif; 
(J.) air purer than that which compoſes: the atmolphere ; there 


in which 
proves 4 
to whicl 


exiſts allo (2.) air lighter than that of the atmoſphere; and (2.)} We 
another kind heavier than that of the atmoſphere. There are | LIGHT 
other varieties; but we ſhall chiefly attend to theſe diſtinctions 19s, to 


becauſe they are ſimple, and eaſily retained in the memory. the ſteel 
That the atmoſphere being the grand repolitory of vapours, Wl thirteen 


on being immerſed in pure air: it burns alſo very much brighter | 


in pure air; and light, in general, becomes more brilliant. But 
if a candle burn brighter, it burns much faſter ; and though 


pure air has its uſes in medicine (as where the hungs are afleCted,) | 
yet did we live always in this kind of air, our lives might be 


the 


ſteams, and exhalations, ſhould become leſs pure than if it were MW i: of 
free from ſuch mixture, is very conceivable, and has long been thoſe m 
ſuppoſed; but by what means to procure an air free from (ol fleht w. 
impurities, was a defideratum. Accident furniſhed what ſearch WM udn 
had milfed. A purer kind of air, ſometimes termed dephlogifti- WM i tube 
calsd air, is yielded by nitre in great abundance, by is candle, 
in great purity, and has been procured nine-hundred times WY th: air 
purer than atmoſpheric air. Its properties and uſe, are very bottle, 
_ friendly co flame; a candle recently extinguiſhed, flames again WM ::port 
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merry, but they muſt needs be ſhort; vitality might be A © 
exhilarated, but it muſt be ſpeedily conſumed. Unable 1 ſpheric 
improve this eſſential of life, we congratulate ourſelves on dens, 
a ſituation more happily adapted to neceflities, by thoſe guiſhe 
very cauſes which ſeen ſo many impyriues. Nay, let us reflect bond « 
a little, we ſhall find nature king {ome pains to promote im- Acid, 
purities of certain kinds. The motions of the waters, the riſing al, & 
and falling of vapours, produce a degree ot fermentation. A por- WI icgeta 
tion of putridity is eſſential to vegetation, probably, therefore, WI ticta-i 
to all life; but, that this may not ſuperabound, nature employs their | 
means for diminiſhing it. Plants abſorb, and, as it were, this a 
feed on putrid matter ariſing from ſtagnant waters, and they ferme 
breathe out purer air; but they will not N they will live) fixed 
in quite pure air. Beſides, when a mixture of impurities pre- n9x10 
dominates, ſtorms and tempeſts are violent methods, as ihow- of abe 
ers, dews, &c. are gentle methods of precipitating them. In dogs 
fact, it is rather when any one kind of impurity prevails in exper 
the air, that it becomes unwholeſome, than when ſeveral when 
kinds counter balance each other. Hence among other cauſes, ae fe 
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> benefits of change of air; ſince, by leaving that air in 


whoſe mixture we have long dwelt, we procure a variety whole : 


compoſition is not totally different (that would ſhock us,) but 
1 which ſome different principle prevails, whoſe diverſity im- 
does the fluid by which we are ſuſtained, or counteracts thu;e 
to which we have been uſed. | | Im on 
We have deſcribed another kind of air, as by very much 
16G4TER than atmoſpheric air; this is procured from ſteel fil- 
1175, to which is added water, and ſpirits of vitriol, to corrode 
the feel. Many other materials yield this kind of air, which is 
thirteen times lighter than atmoſpheric air. It was with tlus 
kind of air, balloons were filled; and its lightneſs buoyed up 
thoſe machines till they roſe to a region where the air was equally 
lioht with themſelves. This kind. of air is inflammable, and is 
uually termed inflammable air, and it is curious enough to ſee 
1 tube from the bottle containing the ingredients, lighted at a 
candle, and continue burning, ſo long as the mixture furniſhes: 
the air; or if a quantity of this air be received into a proper 
bottle, it will explode like a piſtol. I have heard a very loud 
report from it, when the quantity has been conſiderable; and 
it will drive out a cork ſlightly put into the mouth of the bottle, 
ikea ball from a piſtol, This air is fatal to life, and often oc- 
cupies the upper parts of pits, caverns, mines, &c. where being 
unventilated it does much miſchief; eſpecially if by accident it 
catches fire. 70 5 
:\ contrary kind of air is that which is HEAVIER than atmo- 
ſpheric air, as 3 to 2; this deſcends to the bottom of pits, ca- 
verns, mines, &c. Where it is equally fatal to life, and extin» 
guiſnes flame, — This, abounds in all bodies, is eſteemed a 
bond of their union, and' is denominated fixed air, or atrial 
Acid, or Mephitic Gas. It is procured from lime-ſtone, poi» 
all, Ko. The largeſt portion of it is procured from fermenting 
vegetables, aad is what offends us during the progreſs of their pu- 
trefa-ton ; —wines, beers, and liquors of all kinds, receive 
their pungeney, their ſpirit from it; for if they be deprived of 
"us air, they become flat, and inſipid. Sugar, put into vinous 
mentation, has been found to contain 57 parts out of 100 of 
ixed air. The Grotto del cane, near Naples, produces this 
19:10us vapour remarkably ; it riſes in abundance, to the height 
o about fourteen inches above the ground. Many thouſands of 
dogs ave been killed by immerſion in the ſteam ; but the cruel 
"\periment is not now often repeated, and perhaps may ceaſe, 


"hen this vapour is fdiſcovered to be an article with which we 


i familiar, I. fhaljuſt remark, that on putting the dog's noſe. 
| = within 
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by deſcent into beer-vats, &c. where this vapour reſides. Ve: 


is tempered, and fitted for its offices. What a providential 3 


within reach of the vapour, he quickly becomes ſenſeleſs, and 
if continued in it, he dies; but if withdrawn in time, be 
gradually recovers, after being ſtreiched on the graſs. Hou 
happy is it for mankind that this vapour does not uſually abound 
inſufficient quantities to produce the miſchiefs of which it i; 
capable! Though it deſtroys life, this acid gas ſtops putre. 
faction; —ice will not imbibe it, but water in freezing reſiaus # 
all it contained. Though we too frequentlyhear of lives lot 
this kind of air has its uſes in medicine, and is conveyed to 
the ſtomach with proper correctors: it has ſalutary effects in 
the ſea-ſcurvy, which is thought to be occaſioned by the {-1. 7 
men's food conſiſting of proviſions from whence it is expelled. 
This kind of air then fatal as it is, is as neceſſary to life and to 
health as any other, and corrected by. others, is ſalubrious and 
indiſpenſable. The fame remark applies to all kinds of air:— 2 
their miſchief is not altogether in kind, but in ſuperabundance 
and diſproportion. | I 

To what a ſeries of ſeeming contradiftions have we nor 
been attending! Air is neceſſary and indiſpenſable to life; it 
is alſo deſtructive as poifon ! Here it contributes to jucundity, 3 
there it overpowers with torpor ; here it riſes and floats, there it 2 
{inks and deſcends; here it is too light, there it is too heavy; 
here it ſupports flame, there it extinguiſhes it; here it is too 
pure, there it is putrid ; and yet all this is neceſſary! by union, 
and commixture, by action, and re-action, the whole atmoſphere 


combination of principles concur to produce the air we breathe! 
By the little we diſcern we may conceive of thar infinite bi“ 
which regulates all nature: for we ſee but little of nature's ſecrets, 3 
we trace but a few of nature's operations; copld we infpect thoſe 
more extenſive and important, we ſhould think leſs of our preſent 3 
knowledge. + Yet we muſt be ſenſible, that enough which con- 
cerns our well-being is opened to our inſpection : all that con- 
tributes to life, is not neceſſary for us to know in order to our » 
lives; and when, after much refearch, we hit on a diicovery, 2 
it rather furniſhes a ſubject of admiration, than a neceſſary natu- 
ral enjoyment ; for were it otherwiſe, and that thoſe only w 1 
knew the ſecrets of nature, were capable of natural enjoym*it; 4 
the wieſt might lament that ignorance which admitted :0 it i 
ſarisfaction. - But Providence has diſtributed its gifts to all, that 
all might render their tribute of gratitude. While we readily 
own that whoever has attained ſuperior knowledge, whether ot 


the cauſes of things, or of their combinatious, r of 3 
| werhne 
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diverſified utility, or their many- operative powers, fuch an one 
has much to inform his mind, to entertain his reflection, to 
zmuſe his imagination, to invigorate his underſtanding. Such 
one may congratulate himſelf on the advantages of his ſtation, 
and while without reluctance he conſiders all mankind as com- 
mon ſharers in general benefits, let him highly value thoſe attain- 
ments which contribute to his individual ſatisfaction and to his 
perlonal felicity. f | 


es. To. is 8. ES, ES 


Or Tre ELEMENT WATER. 


AFTER air we place Water; a fluid, whoſe abundance and 
miverſality, has expoſed it to the ſtricteſt trials and expe- 
iments of the moſt accurate philoſophers ; yet have philoſophers 
lite to boaſt of reſpecting their knowledge of its nature or com- 
potion, beyond the verieſt ruſtic who without enquiry ſlakes' 
his thirſt in the ſtream. What we know of it, reſolves into a 
catelſion of its powers, its uſefulneſs, and its general diſtribu- 
ton throughout nature. It is true, this latter idea (its general 
linibution) eſcapes the obſervation of our ſenſes, and eludes the 
remarks of curioſity itſelf, which ſtartles at the ſuggeſtion, that 
tle mot ſolid bodies are very greatly compoſitions of water ! and 
jet this is fact. Water is (next perhaps to fire) the moſt fluid 
body in nature, it penetrates where air is unable, and 00zes—-- 
not through chinks, but through pores too ſmall for the paſſage 
gen, other fluid. A variety of experiments places this beyond 
aCOubt : and tor a veſſel impervious to water, we need enter- 
in no apprehenſion of its tranſmitting other liquors. We own, 
need, that water is not always ſo ſudden in burſting from con- 
inzment as air, Which ruſhes out vehemently at once, if oppor- 
unity be offered, or as quickſilver, which, becauſe of its weight 
axes inſtant advantage of the ſmalleſt crevice ; but though leſs 
laſty, it is more certain, and in the end accompliſhes its purpoſe 
were thoſe fluids fail. Air will not paſs through leather, but 
Water will; a fact uſeful to the Negroes of Africa, who cool 
their water by hanging leathern bottles of it in the open air 
le water pervading the pores of theſe bags, by its evaporation 
os them and their contents, which produces a pleaſanter and 
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more refrigerating beverage to the parched inhabitants of the tor. ons of 
rid zone. Water will alſo eſcape through a bladder, where air cir: 
will not; and the famous Florentine experiment informs us Wl Juded 
that even the pores of gold are not ſufficiently minute to retuis = 1025 : 
this element paſſage.--- To aſcertain this, a hollow ball of gold oni 
was filled with water, and firmly cloſed, then preſſed with great WY but . 
force by huge ſcrews, till the impriſoned element permeated its inpreg 
confinement, and ſtood on the ſurface of the globe in the form into th 
of dew. Ho 5 E by its 
If water be thus capable of paſſing the moſt ſolid bodies, and, much 
by the fineneſs of its parts, of pervading their molt minute rece(. WM tion. 
ſes, it becomes evident there is no impoſſibility attending the ¶ uot dil 
conception, that it may alſo form a part of their compoſition, pant; 
This is demonſtrable with little labour; for whether we fubmit WM Do tha 
to the operation of the chemical furnace, vegetables, in which nente 
this principle abounds, or parts of animals, (ſuch as dry bones,) WM ticiou 
or foſſils, all yield water: and this is often ſeparated from its WM Pure \ 
ſubject by a gentle heat. By a little further advance, the hardeſt Vegeta 
ſtones, metals, ſalts, and ſulphurs, yield water plentifully. It To: 
is true, the fire ſeems unable to treat all ſubjects with equal ſuc- ful, ſo 
ceſs, but under the focus of a burning glaſs, the very diamond WM i will: 
eonfeſſes its compoſition, and evaporates. Reflect a little, if you WI erery e 
pleaſe, upon this; the diamond, whoſe firmneſs and union re- which 
fiſts the hammer, which can be poliſhed only by its own powder, pure; 
that intractable gem whoſe hardneſs is proverbial, whoſe (plen- WM {vts o 
dour and durability diſtinguithes it in the eyes of mankind ; that WW ous air 
gem which adorns the fair, and enriches crowns, is—merely 18M 21d w. 
drop of ſolid water. Bring it to the teſt, it nearly vaniſhes in Vater, 
vapour. After this, we may eaſily admit the opinion of Newton, lM * ule 
that © all birds, beaſts, and fiſhes, inſects, trees and vegetables, y ©: 
with their parts, grow from water, and by putrefaction return might 
to it again.” It ſeems indeed to be that powerful and indiſpen- The 
fable bond of union, deprived of which, bodies become mere ence {i 
ſhapeleſs maſſes of duſt and aſhes. | = 2 
Ihe idea of water being a principal component of all bodies WF ling 
is not new. Thales thought the ſame, the ſentiment is under- Ac 
ſtood to be countenanced by Moſes himſelf. As, however, the WW kther 
truth rather than the antiquity of a ſentiment, intitles it to recep ©fablii 
tion, we rely on modern experiments in proof of this fact. Van 3 loft wa 
Helmont made an experiment, by diveſting a quantity of eart WF to the 
of all its oils and falts, then putting this earth, fo prepared, in- ©! dill 
to a garden-pot, which nothing but rain water could enter, and = vithoc 


— 


lanting a willow therein; this vegetable, ſo planted, grew 10Y ed: ar 
a conſiderable height and bulk, merely from accidental wiper f | on s 
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ans of rain- water; while the earth in which it was planted re- 
ized no ſenſible diminution. From this experiment he con- 
ded, that water was the only nouriſhment of the vegetable 
rid2s ; and that as vegetables are the nouriſhment of animals, all 
conized ſubſtances, owed their ſupport and being to water alone. 
zut Woodward rectified this miſtake: ſhewing that water being 
,upregnated with earthy particles, is the conveyor of ſubſtances 
into the pores of vegetables, rather than an'increaſer of them, 
by its own bulk: and likewiſe, that water is found to afford ſo 
much leſs nouriſhment in proportion as it is purified by diſtilla- 
ton, A plant in diſtilled water will not grow fo faſt as in water 
not diſtilled : and if the water be diſtilled three or four times, the 
plznt will ſcarce grow at all, or receive any-nouriihment from it. 
do that water, as ſuch, does not ſeem to be the proper nouriſh- 
nent of vegetables, but only the vehicle which contains the nu- 
A ticious particles, and circulates them through the plant. 
bre water, may extend or twell the parts of a plant, but affords 
vezetable matter only in a moderate proportion. | 
To what degree water may be purified by diſtillation is doubt- 
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ful, ſome affirming that after many repetitions of that proceſs, 

it will depoſit a ſediment, while others think it may be freed from 
erery extraneous ſubſtance. No method has yet been diſcovered, 
aich may warrant our aſſerting that we poſſeſs water entirely 
dure; and probably, when ſuch a diſcovery ſhall be made, more 
{ts of water than one may be found. It is certain that as vari- 
i 


ous airs become fit for the ſupport of animals by commixture 
ad without ſuch mixture air would be uſeleſs or noxious ; fo 
auer, in the ſtate nature offers it, is beſt fitted for thoſe who are 
HJ uk it. We have ſeen that vegetables ſuffer by too great pu- 
nn of water; and the fame effects in a conſiderable degree, 
MJ night be expected, ſhould we drink diſtilled water only. 
7 {he wholeſomeneſs of water, muſt be determined by experi- 
ance ſince inhabitants of different places find that to which they 
have been accuſtomed (and which ſometimes looks far from in- 
ing to a ſtranger), both agreeable and ſalubrious. 
i A common teſt for water, is by trying whether it will form a 
WJ {tbcr with ſoap, or whether it will curdle, and this is thought to 
FJ £ftzblich a diſtinction between hard water, as it is termed, and 
bn vater. But hard water becomes like ſoft water by expoſure 
io the air. Thoſe waters are in general lighteſt which have few- 
IT © didolutions floating in them, but no water can be obtained 
= thou ſome, according to the ſtrata through which it has paſi- 
a ed: and I well remember, having procured ſpecimens of water 
2 dem Springs in different parts of London, all of Ry” 
2 : vals 
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clear, yet each of them precipitated a ſediment on the addition! 
of a very {mall portion of acid of ſugar. This is the origin of al 
mineral and medical baths, whoſe waters, in their paſſzgef 
through beds of metals, of ſulphur, of arſenic, &c. diſſolve ard 
imbibe a part of the mineral through which they run. Thar nary | 
ral ſprings therefore poſſeſs qualities which art cannot give to wa. 
ter, is not wonderful, when we conſider the unknown and udſup- 5 
poſable combinations of minerals in any one bed; to which wel 
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may add, that by paſſing through ſucceſſive beds of different forts, 3 
a ſomewhat may be loſt by the water, and a different ſomewhat I tot 
gained. But of late, the qualities of the moſt celebrated waters bus i; 
have been clotely imitated, and by the addition of various kinds WM icy 
of air (principally ), the ſame taſte, colour, and (ſome ſay) effects, hem i! 
are produced: nay it is not uncommon to make medical waters WM i:;;1ar 

tronger of their ingredient principles, than the waters of the na- oute 
tural ſprings which are imitated = |: du 
T raniparency 1s a very agreeable quality in water, yet is no WM wor 
determinate proof of ſalubrity, ſince ſea-water is as tranſparent and ri 
as any. River water is thought, upon the whole, the lighteſt; imat 
but we know, that Rivers receive many pollutions from various WM Uinates 
quarters; eſpecially if their courſes be through low and marſy WM RN 
lands; or if the courſe of any of thoſe ſmaller ſtreams, by which WM cc f 
they are enlarged, be through ſuch a channel. A river becomes W :::-v 
in its progreſs more polluted than higher up the country, becauſe WM thous! 
it receives a ſtronger tincture from the quantity of plants, of mi- gp 
nerals, of inſets, ot animals, &c. which the increaſe of its wa- WM |:-:i:: 
ter is not ſufficient to correct; and thoſe who live at the mouths 88 0 
of great rivers, and drink their waters, are ſaid to be unhappy ect or 
proofs of this, and ſubject to many diſeaſes in conſequence. bey 
The water of the river Thames is conſidered as ſuperior to WM arib. 
all other for keeping at ſca; this has many impurities in it; WM {4«!lin 
but what I have heard alerted, feems, I think ſtrange, that wa- be!! 
ter taken up below London-Bridge, with all the pollution of wal; 
the city in it, is perferable to, and keeps better than water and :: 
taken up above the Bridge. Shall we ſay that this pollution fub- WM vhich 
fides to the bottom, and carries with it much that is worſe? or WM Ska 
that it contributes to kill thoſe inſets which abound in all wa- fery 
ter? We know that all water by long keeping putrifies, and Wi :nd of 
this, moſt probably, by reafon of thoſe minute inſets, or veze- Wl inbib 
table ſeeds, which it contains. | bos, 
But we muſt not ſuppoſe that the element itſelf, grows putrid, . falts i. 
but the ſubſtances which it has imbibed, and which the ut- Wi ia wa 
moſt precautions by boiling, &c. cannot entirely deſtroy ; tor Wi zradu; 


{ome ſurvive the operation, and others find their way. rg beine 
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the time of its ſtowage. Seamen, aſſure us, that their water 
i generally found to putrefy twice, and occafionally three times, 


na long voyage. In about a month after 1t has been at ſea, 


(hen the bung is taken out of a caſk, it ſends up a noiſome 
ind dangerous vapour, which is combuſtible on the application 
ofa candle. At this time the whole body of water is replete 
wich little worm-like inſects, that float very briſk, throughout 
„ for about a couple of days, theſe dying, their ſpoils for a 
while increaſe the putrefaction: but after a time, the heavier parts 
fal to the bottom, and the lighter float, in a ſcum on the top; 
this is what mariners call, the water's purging itſelf. To theſe 
however, ſucceeds another race of inſects, bred, very probably, 
from the ſpoils of the former ; which produce, after ſome time, 
imilar appearances : but theſe die al ſo, and the water is thought 
6 fuller no more change. Nevertheleſs it very often happens, in 
bot climates, that nothing can clear the ſhip's water from theſe 
muſeocus inſects. They often increaſe to a very difagreeable 
and frighttul ſize, ſo as to deter the mariner, though parching 
with thirſt, from taſting that cup which they have conta- 
minated. | 3 

RaIN-WATER is a fluid of Nature's own diſtillation, it is 
more friendly and nutritive to plants than any other; but where 
hin- water only is uſed by mankind, it is not the moſt ſalubrious, 
though, perhaps, its infalubrity is in great meaſure attribu- 
thle to the reſervoirs wherein it is kept, and to over-long 
leeping. | 

SO WATER is drank chiefly, if not altogether, at the 
ect of the Alps, and other mountains; in Greenland, and in 
ſeme parts of England: to the drinking of this water has been 
attributed thoſe very large, I might ſay frightful, wens, or 
ſwellings, which disfigute the throats, &c. of the inhabitants in 
eme places. But this opinion ſeems exroneous ; as they are 
btally unknown in Greenland, which is covered with ſnow, 
and are common in Sumatra, where {now 1s a phenomenon 
which never occurs. 

dEA-WATER is diſitnguiſicd by its faltneſs ; and this pro- 
perty of ſea-water has long excited the opinions of the learned, 
a of courſe has long divided them. Some think, that rivers 
Mmbibins ſomewhat of faltneſs from bodies over which they 
iow, or which they carry to the ſea, might in time, by leaving 
ats in the ſea, render it falt : while others maintain, that the 
ea was formerly ſalter than at preſent, the influx of freſh water 
gatually aflecting the ocean: a contradictory mode of rea- 
ning from the former, but cqually yoid of demonitration or 

e plauſibility 


- $3} | PROPERTIES OP 


at different depths ; but in general it is found ſalteſt where the ſun WM © 


plauſibility. A third party hints at rocks of ſalt, fitly afro 
to be diſfolved by the waters (and ſuch we know there are:] 
while thoſe who think the water was originally created falt, 0 ſuch a 


urge much in ſupport of that ſentiment. Probably its degree of =_ 


faltneſs was never very different from what we now find it. WM :: 2 - 
for it ſeems, that though certain kinds of fiſhes are adapted 0 by mus 
freſh water, yet their numbers bear little proportion to thoſe han Ir 
which conſtantly inhabit ſalt-water, and cannot exiſt out of ir. WM © '© 
Now, if theſe fiſhes poſſeſſed at firſt the ſame natures as they Ml 
do at preſent, their element was of neceſſity falt: this queſtion | 80 5 
ſeems therefore decided, without enquiring how far the ſaltpeſs think tl 


of the ſea is appointed to prevent its putrefaction for in ſma WM (i 
quantities at leaſt, ſea-water, the moſt ſtrongly ſalted, will pu- tle cc 
trefy ; and thoſe who have been long becalmed in ſultry regions, milled 
have witneſled a ſimilar diſpoſition in the ocean itſelf. Never. WI" is 


tnelcfs this is no putrid difpoſition in the water, but in that! in vi 
unmenſe quantity of animal particles, which in ſo many ages 3 
have repleniſhed the ocean. As to che degree of SALT N Ess in the 5 


tea, it varies in the ſame places at different ſeaſons; ſometiines po 
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is vertical, and where the water ſuffers the fevereſt heat. 
It appears from experiments, made in a voyage from England 
to Bombay, that the weight of the ſea-water was greateſt, not | 
preciſely at the Equator, but where the ſun was vertical, and con- 
tequently, as juſt hinted, where the heat was greateſt. The 
greateſt weight of a definite quantity of ſea-water, obſerved in 
failing from 280 north latitude, to the Cape of Good-tHope, 
which is about 3439 ſouth latitude, in the months of May, June, | 4M 
and July, was at St. Jago ifland, north latitude 289 The . 
weights of equal bulks of Thames water, of the ſea water at 1 PM 
Teneriff, and at St. Jago, were 659—67 33—780+ grains; or as 
nearly thus, — Thames water 1000, — Teneriff ſea-water 1022,—} 3 
St. Jago ſea-water 1184. By comparing theſe numbers with 2 0 
table in the Philoſophical Tranſactions, exhibiting the compara- 11 
tive weight of equal bulks of ſimple water, and of water impreg- 
nated with different portions oi fea- ſalt, it may be conjectured, Þ 
that the Teneriff ſea-water contained about 32 of ſalt, and the 
St. Jago water about 4 of its weignt of ſalt, ſo that it was nearly, 
if not fully, ſaturated. „„ | | 
But, this very great proportion of ſalt in the water at St. Jago, 
ſeems liable to objection ; ſince one-fourth of its weight of falt 5g 
is full as much as is yielded by the beſt brine-pits in England, Wl: . 
whoſe waters, filtering through rocks of ſalt, may be ſuppoſed to Wl... | 
be fully ſaturated; and it is impoſſible to determine, * WM ton: 
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ch a cauſe might not be near, or have ſome influence on, the 
water examined as above. In general, tca-water poſſeſſes about 
1 to > its weight of ſalt. And this proportion renders it 
b much more compact, more denſe, and of ſtronger reũſtance 
han treſh-water, inſomuch, that I have been told of deeply la- 
kn vettels, which having paſſed the dangers ot the fea, too heavy 
o float on a thinner fluid, have ſunk in port. | | 

t is queſtioned whether water be COMPRESSIBLE: ſome 
fink they have compreſled it, fo that a body of water occupied 
> ſpace than before; but it ſhould ſeem that water ſuffers but 
litle compreſſion, if any, and that if no deceptive appearances 
niled thoſe gentlemen who maintain the affirmative, yet, that 
ery C.nall indeed is the effect produced by conſiderable ſtrength : 
But when we mention its ELASTICLTY and EXPANSION, neither 
alculation, nor imagination, can determine its limits. ED 

Water expands by heat; and, what is very extraordinary, it 
al expands by cold: no machine can be invented, no ſtrength 
can be applied effectually to confine water while freezing We 
aten notice bottles and vials, full of water and cloſely corked, 
| expoſed to ſevere cold, cracked and burſten: were they made 
ab iron, and an inch in thicknets, they would experienee the 
lkme; nay freezing water has been known to burit a cannon. 
lt we ſeek further proof of its power, we find it in thoſe huge 
fagments of maſſy rocks, which from time to time are ſeparated 
fom their parent mountains, and tumbled from their ſummits: 
ink of their weight, their ſolidity, their ſize, then think of 
he cauſe which diſplaces them,—a little water, which having 
rickled through their fiſſures, till united in ſome hollow, is there 
frozen, and being frozen is dilated, and being dilated, expands 
tom its confinement, and, if it cannot otherwiſe procure room, 
t wilt rend the very rock. | | 

On this ſubject it is more uſual to notice the very great expan- 
ire power of water, when converted into ſteam by fire: and 
Incetais attords a variety of uſeful machines, it may demand a 
litle attention. We ſaid lately, that the weight of air uſed in 
Wing ſome of the fire engines was fix or ſeven tons; this 
Kh! 13 raiſed {ixteen times in a minute with eaſe, by 2 quan- 
ty of ſteam introduced underneath it. Ihis ſteam is not ſuch 
87/75: bo, but little if at all different, from that of a boiling 
ka- Kettle. Yet one cubic inch of water is expanded into 2900 
nches of this ſteam. Now the elaſticity of ſteam increating 
unh heat, and the ſpace it endeavours to occupy being propor- 
Mate to its elaſticity z were it ſubmitted to yet greater heat, it 
n gut become ſo much more expanſive, as to occupy 15,000 or 
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qatticl 
where! 
to bid 


fitisfac 


20,000 times its former ſpace, And this is rather a low eſtima | 
tion. The force of ſteam is taken at three times the force of : 
gunpowder. So far has {kill employed this element, and ſo faul 
we may depend on its powers. Advancing on theſe ideas, ther] 


have not been wanting endeavours to account for the cauſes oH Wan 
carthquakes, by conſidering them as water rarefied into ſteam h in ml 
ſubterraneous tires, and forcing a paſſage, not impeded (effetu MM t'* of 
ally) by the ſolid earth itſeif. | move 
Water poſſeſſes, in common with all fluids, the property off pleaſe, 
riſing always to its level ; fo that be the length of a pipe what ib the 
may, the fluid contained in it will ſtand equally high at both ends dis ca 
This is well known to thoſe who lay pipes over the ſides of hills in ts 
fre for it they can but form a reſervoir at a-ſufficient height, th nate!) 
PMaſneſs is done. Cn this principle, the water diſtributed through eta! 
ou ond n from the Ne- River, after deſcending into the ton =! _ 
winid, of its ewn accord, mount into every ciſtern not highef cn 
than the eminence from whence it flowed. It is true, means ar ding 
found to make it mount higher; but this is the effect of art ©) 
Ihe ſaine art appears in that ulefui machine the pump, whereim "<2 
we fee the water riſe much above the level of the ſpring which "<< 
furniſhes it. his is merely the reſult of the weight of air, whic cered. 
being taken off beneath the pump, while the other parts of th eo 
water's ſurface are expoſed to it, the fluid naturally riſes where i eg 
meets with Jeaſt refiſtance, and this, to fuch a height of watetf by hea 
as counterbalances the preſſure of the atmoſphere, 7. e. aboulfiiſ ton 
thirty-iwwo or thirty-three feet. | Do ich 
Vs ater preſſes according to its perpendicular height: fo tha Wer 
the fare quantity of liquor which is one foot high, and threq; (ezree 
inches in diameter, if rendered only one inch in diameter, an i 
conſe.uently three feet high, acquires great Increaſe of power bil een 
the alteration; and if reduced to half an inch in diameter, andi the al 
feet high, it would become yet more powerful. On this prin "dt 
Ciple a pint of water may burſt a hogſhead ; for if the hogſhea keepin 
be /a//, and the pipe through which the pint of water, attempfeq; and in 
to be introduced, be of ſutiicient height, the weight of the watch Kut 
evil make its way, and the veſſel, unable to contain it, muſt vic. 5 
to its pꝛeſſurc. | | - 2 boils 
There is a very ſtrange peculiarity of water, by which it riley hon of 
in very ſmall glaſs tubes without prefſure, and of its own accord ** © 
If a glaſs tube have two curved legs (turning upward) one on, WE 
a Quarter of the diameter of the other, the water will always ſtan 3 ally d 
higheſt in the narroweſt : if the diſproportion be yet greater, td * te 
difference will be greater alſo. I his phenomenon has puzzlec a 
Nucl 


the moſt ſagacious obſervers ; the attraclion of the glaſs 5 * 
price 
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ticles of water, which is moſt predominant and effectual 
here there is the greateſt quantity of glaſs and leaſt of water, ſeems: 
uo bid faireſt for ſolving the difficulty: but this is not entirely 
tisfactory. | | 5 | 

Water aſſumes a form very different from any yet mentioned, 
nd indeed incredible to thoſe who have never beheld it; I mean 
that of 10. TI need not, in this climate, prove this fact: by 
t we produce ice in ſpite of the hotteſt ſummer, wherever we 
pleaſe, *L'o account for ice is much more difficult: we know it 
s the effect of cold, but whether cold be a poſitive exiſtence, in 
tis cate ſuperadded to the water; or merely the ablence of heat, 
'n this caſe taken from the water, is doubted, and leads ulti- 
mately to the intricate queſtion.— Whether water be a kind of 
metal held in fuſion by a ſmall degree of heat, or a natural fluid 
ally congealable ? We have no other fluid (whole baſe is not 
cntetledly aqueous, that freezes. by any means ſo eaſily ; but 
turing the very ſeverg depth of ſome late winters in Ruſſia, mer- 
cury wa» diſcovered to be frozen; and the experiment has been 
repeated, by order, at Hudſon's Bay. This, then, is an in- 
ſtance of a metallic body, ſolid in a due degree of cold, but ren- 
(red fluid by no greater heat than that of the general tempera- 
ture or the air. This diſcovery is thought to be in ſome degree 
melogous: and to hint, that cold exiſted before heat, and that 
by heat all things (probably the very air included) were liberated 
from their bondage of inanity, and brought to that order in 
which we now enjoy them. I might further obſerve, that ſea- 
water ireezes equally with freſh, but requires ſomewhat ſtronger 
degrees of cold to produce ice: which ice is not ſalt, like its pa- 
rent water, but freſh; the ſaline parts of the fluid remaining un- 
frozen, Salt-water ice thawed, and expoſed a ſufficient time to 


phether this water alſo becomes corrupt, and purges itfelt in 
keping, ] Water loſes ſomething in freezing, i. e. its fixed air; 
and iomething it ſeems to get, becauſe it is increazed in bulk,— 
but what we know not. 
Water, gradually heated, gradually extends its bulk till 1t 
boils; but beyond boiling no art can force it. The phenome- 
non of boiling water is accounted for, by adverting to the admiſ- 
ton of heat, and to the expanſion as well of the water itſelf, as 
ot tag air included in it. That it riſes no higher than it actu- 
ally does, ſeems owing to the weight of the air which depretles 
t; for take off this weight under an air-pump, and we fee water 
Glubit every appearance of boiling, at a degree of heat very 
uch below what it requires in the open air. And indeed 1 
2 once 


the air, makes good freſh- water —[N. B. It deſerves attention 
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fire can force it: fiercer fire may accelerate its evaporation, but 
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once found, by working an air-pump briſkly, that it boiled! 
ſtrongly when its heat to judge by the time it had been under the! 
receiver) was very moderate, E 

The heat of boiling water is a fixed point beyond which no 


cannot augment its bulk, or its heat, I he certainty of this point, 4 
which is cover the world, under the frozen coaſts off 
Greenland, as under the torrid zone, renders it highly valua. 8 
ble; and the eaſe with which it may be procured, is a erecatf 
advantage. Thus water affords us a determinate flation in af 
ſcale of calculation, which human ingenuity has \enlarged and] 
extended to thouſands of articles and circumſtances. 3 

Does not his ſubject alſo, juſtify the remark that“ PD 
we examine cloſely what mankind call elements, we find them 
little underſtood, and much remaining in obſcurity ?” and this 
idea {trengthens, when we aſk, What is the compoſition off : 
water? It has been ſaid to refult from the union of two kinds of air, 
the pure and the inflammable. On attending an experimentÞ 
made in ſupport of this opinion; I obſerved the receiver was frſtY 
clear and pellucid ; as the inflammable air burned on the orifice 
of a tube introduced within it, the infide of the receiver became 


coaleſced, till they ran down the fides of the glaſs ; but whether 
by any means, atmoſpheric air might contribute water; whetherf 
the water was diſcharged from the ingredients which yielded thelf 
airs, and exiſted in, or combined wah thoſe airs, and only 
became viſible upon combuſtion, deſerves conſideration. From 
the general fineneſs and permeability of water, its intimate union 
with all bodies, and its notorious diſguiſes, I think we mult 
determine with caution. I have ſince heard, this experiment 
has been repeated with all poſlible precautions; a gigantic appa- 
ratus, a ſea of mercury, and electric fire: the reſult was the ſame; 
the combuition produced water; nevertheleſs, my doubts ary 
not whoily baniſhed. E 

But whatever be the compoſition of water, its utility 1s beyond 3 

enial: as the original and natural beverage of mankind, it pol 
ſeiles unequalled ady antages, ſince, by the fineneſs of its parts it! 
palles thoſe minute channels which are impervious to other li 
quors ; and ſince it has no diſpoſition to inflammation. Nod 
ought it to be conſidered as a {light obligation we receive from 
this element, that it tends to health, and comfort, as it contriÞ 
butes to cleanlineſs ; that it is cooling, and refreſhing. In rea- 
lity, the Turks ſeem not greatly miſtaken, when they preſcribe⸗ 
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focial beauty.“ For be it remembered, that without water, plan- 
tions would fade; few ſhrubs can endure the thirſty defart, 
and no trees; but wherever flows a ſtream, there vegetation 
thrivess We had a proof of theſe principles in St. James's 
Park, where many of the trees, being deprived of their uſual 
refreſhment, when, ſome time ſince, the canal was partly filled 
up, they withered and died 

The imp »rtance of this article being admitted, it is time to 
ſhew, that nature beſtows it bountifuily : almoſt every little hill, 
or riſing-ground, in ſome places, has a ſpring 3 and we find 
wafer ever y- where below the ſurface of the earth. In fact, the 
abundance of water is the greateſt impediment to working mines 
of any conſiderable depth: it is frequent to meet with ſeveral 
ſtreams, or branches of ſtreams, or collections of iprings, in exten- 
ſye ſubterranean galleries; and this be the depth what it may; 
we have never yet bored the earth ſo deep, but we have had rea- 
ſon to think water-ſprings, perhaps rivers, were below us. 

As to the natural cauſes of ſprings and Kivers, the theory of 
Dr. Halley ſeems at preſent to be generally received, and when 
ve reile-t, that in treating ſuch comprehenſive principles, we 
mult, of neceſſity, reaſon from parts to a Whole, and judge of what 
we do not fee, by analogy with what we do ſee; we deny not 
that every hypotheſis, may in ſome of its parts be liable to objec- 
tions and yet, on the whole, it may be natural, juſt, and philo- 
ſophical. Dr. Halley ſuggeſts, that the vapours exhaled from 
the ſea, and driven by the winds upon land, are amply ſufficient 
not only to ſuppiy plants with moiſture, but to furniſh the water 
or the greateſt rivers. To determine this, the quantity of water 
emptied at the mouths of the greateſt rivers has been eſtimated ; 
3s allo has the quuntity raiſed trom the tea by evaporation ; and 


it has been tound, that the latter by far exceeds the former. It 
was judged, upon receiving ſuch rain as fel] in one year, ina 


veſſel fitted for the purpoſe, that, one year with another, there 
might fall about twenty inches of water on the ſurface of the earth, 


throughout Europe It was alſo computed, by M. Mariotte, 


that the river Seine, from its ſource to the city of Paris, might 
cover an extent of ground, that would ſupply it annually with 
above ſeven millions ot cubic feet of this water, formed by eva- 
poration, But, on computing the quantity which paſſed through 
tle arches of one of its bridges in a year, it was found to be 


only two hundred and eighty millions of cubic feet, which is but 


the ſixth part of the former quantity. Hence it appears, that 
this river may receive from the evaporated waters of the fea, a 
lupply fix times greater than what it returns to the ſea by its cur- 
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rent; evaporation therefore may be conſidered as more than ſuf. WM jc: 
ficient for maintaining the greatelt rivers; and ſupplying the pur. hien 
poſes of vegetation.—in ſupport of this theory, it is obſerved, WW tin 
that ſprings are rarely, if ever, on the ſummits of mountains, ch 
but on their ſides, a little way down, thereby giving the waters mretſur 
room to collec: ; that the greateſt rivers originate from the high- prellin 
eſt mountains, they attra-ting, ſtopping, and condenſing the e. 
clouds, which, yielding to them their contents, rurniſh ſources . 
for the moſt copious ſtreams; that where there are moſt clouds, Wl ;: d 
are the higheſt mountains, the moſt rapid torrents, the greateſt, WM ds! 
and the longeſt rivers. | and be 
It ſeems further ſupported, by the peculiarity attending that . 
immenſe ridge of mountains the Andes : on one fide, they ſcarce Pi 
know rain; a few clouds, now and then, are their diſtant vi- beds. 
rants—here, riſe gentle brooks, rills, and rivulets, which ne de 
meander through the grove, and ornament the plain. But on make 
the other ſide the Andes, prodigious maſſes of clouds are perpe- Wl ti: ua 
tually forming, beating againſt the rocks, beſieging, as it were ech ii; 
this barrier, which forbids their paſſage, and tormenting, with ſtrike 1 
ſtorms, this boundary placed by Nature. What is the conſe- bender 
quence? At many hundred miles from the ſea, riſe thoſe floods Conn: 
which are rivers at their origin, and which receiving many like tree « 
themſelves, roll on, in one united deluge, to the ocean. While, WM trum 
therefore, this cauſe ſeems adequate to the purpoſe, we ſhall not WM i ban 
Incline to that theory, which ſuppoſes ſubterraneous waters fur- In | 
niſned by the ſea to be. raiſed into ſteam, and converted into WM & tic 1 
ſprings: ſince it moit fails where moſt wanted, 1. e. in account- den, 
ing for the origin of the greateſt rivers, which are always farthelt I ground: 
from the ſca, arid always moſt highly elevated. = (::i0ns. 
It is not uncommon, for rivers which riſe near each other, to I appear 
iſſue widely diſtant; the ſprings which furniſh the Thames and . ” 
the Severn, Tile atno very great diſtance, though the mouths of _ rat 
thoſe rivers, be at oppoſite parts of England. | being 
With regard to the nature of rivers, we obſerve, that in what- de wat. 
ever direction the ridge of the mountain runs which furniſhes the WM Bi 
ſtream, the ſtream itſelf takes an oppoſite courſe; never follow- Wl tor:111s 
ins the bearing of the land from whence it iſſues. ey le. 
All rivers flow either from mountains, or elevated lakes, and conic n 
in their deſcent, they acquire that velocity which maintains Wi ion an 
their future currents. At firſt the ſtream is generally rapid and Wi ti: ſea, 
headlong; but is retarded in its journey by continual friction 8 changir 
againſt its banks, by the many obſtacles it meets, and by the Wl europe: 
© plains becoming more level as approaching the ſea. Now as 
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If this acquired velocity be quite ſpent, and the plain through 
which the river paſſes be entirely level, it will, notwithſtanding; 
continue to run, from the perpendicular preſſure of the water, 
which is in exact proportion to the depth. his perpendicular 
preilure is nothing more than the weight of the upper waters 
peeling © the lower out of their places, and, conſequently, driv- 
ns; them forward, as they cannot recede againſt the ſtream. 
As this preſſure is greateſt in the deepeſt parts of the river, ſo 
= generally find the middle of a ſtream molt rapid; both be- 
cauſe it has the greateſt motion communicated by the preſſure, 
aud becauſe it has feweſt obſtructions from the banks on either 
hide, 

divers thus ſet into motion almoſt Z TIED make their own 
beds, Where they find the bed elevated, they wear it away, 
and depoſit the ſediment in the next hollow, ſo as in time to 
mike the bottom of their channels even. Cho the other hand, 
the wa er is continually abrading and eating away the banks on 
ach tide; and this with more force, as the current happens to 
ſirike more directly againſt them: having always a tendency to 
render them more ttrait and parallel to its courſe. Thus it 
continues to rectify its banks, and enlarge its bed; but, the 
force ot its ſtream diminiſhing till it has produced an equili- 


bium between the ated of the water, and the reſiſtance of 


its bank's. 

In plains and large 11 where great rivers flow, the bed 
ck the river is uſually lower than any part of the valley. But 
often, the ſurface of the water is higher than many of the 
gounils adjacent to the banks of the ſtream.” f, after inun- 

lations, we inſpect certain rivers, we ſhall find their banks 
appear above water, While all the adjacent valley is overilown. 
lis proceeds trom the frequent depoſition of mud, and fuch 
ke tubltances, on the banks, by the rivers frequent over- 
towings ; and thus, by degrees, they rife above the plain; and 
the water is often higher alſo. 
towards their ſource. They run more direct as they immedi- 
ily leave their ſources ; and their ſinuoſities and turnings be- 
tome More numerous as they proceed. It is eſteemed a certain 
lon among the ſavages of North America, that they are near 
the ſea, when they find the rivers winding, and frequently: 
Chang ing their direction: and this is become an indication to 
uropeans alſo, in their journies through thoſe tracklels foreſts. 

"as thoſe ſinuoſitics increaſe. As theriver approaches the ſea 
Itis not to be wondered at, that rivers ſometimes divide, and 

ditchargeable 


Rivers are always broadeſt at their mouths ; and narrower 
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diſcharge themſeves by different channels : as the Danube into 
the Enxine by ſeyen mouths; the Nile, into the Mediterra. 
nean, by the lame number; and the Wolga, into the Caſpian, 


by ſeventy. 


When the ſtream of a river is oppoſed by a jutting bank, by 
an iſland, by the arches of a bridge, or ſome ſuch obſtacle, f 
this produces, not infrequently, a back current; and the ſtreamf 


having patled the arch with great velocity, puſhes the water on 
each {ide of its current, toward the banks; not infrequently 


forming a whirlpool; in which a large body ot waters revolves inf 


a kind of cavity, loweſt in the middle. The center of the 


whirlpool is loweſt, becauſe it has leaſt motion: the other parts 


are ſupported, in ſome meaſure, by the violence of their revo- 
lutions; and, conſequently, they rite higher as their motion is 
greater. 


It might be ſuppoſed that bridges, dams, and other obſt:cles 


in the current of a river, would retard its velocity. But the dif 
ference they make is very inconſiderable. The water, by theſe 
ſtoppages, is forced to rife above the object; which, it having 
furmounted, it acquires a velocity that recompenſes the forme 
delay: Iſlands and turnings alſo retard the courſe of a ftrea 

but inconſiderably. Any cauſe which diminiſhes the quantity 


of water, molt ſenſibly diminiſhes the force of the ſtream. 


J he rivers run to the ocean; to the ocean we now accom 
pany them: it is among the ſublimeſt objects of Nature. $03 
lemn and grand, if calm, ſmooth, and ſerene, it plays its va 
Tioully refracted tints of changing greens, and blues, and greys 
as lights or ſhadows falls upon it, or if it be agitated by turious 
winds, and roll its buoyant eddies forward to the ſhore, roaring 
as they advance, hiſſing as they retire, ſeeming ready to over 
whelm the very earth, yet yielding and changing their dire dio 
at every obſtacie ; it fills the mind with ſenſation! Human ilk 
has availed itſelf of this element alſo ; proud and licentioul 
though it be, we plow the waters, and we navigate the ocean 
It is, perhaps, the greateſt of human triumphs! a ſtriking dey 
monſtration of the ſuperiority of reaſon, which chooſes the bel 

adapted means to accompliſh its purpoſes, and even rules ont 
ELEMENT by the aſſiſtance of another. 

A few remarks on ſome proſperities of the ocean ſhall concJud 
the preſent diſcourſe. We ſhall endeavour to explain the cauld 
which influence the motions of the mighty waters, by conſider 
ing (I.) the TIDES, (2.) the SURF, or SURGEsS of the ocean. 

To render Tides obſervable, a very great body, or ocean 


water, is neceſſary; there are feyeral lakes, not unjuiti) Genc! 
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"ed ſeas, where the tide makes no ſenſible appearance; as the 
(xpian Sea, which though it receives one large river (the Wol- 
a),and many ſmaller, yet is faid to maintain always the ſame 
bel of its waters; that is (for the myttery is very ſolvable) the 
quntity of water exhaled from it in vapour, equals that which is 
tought into it by the rivers, The Black Sea alſo has no tides ; 
jor the Baltic Sea, that very large collection of waters. In the 
\{editerranean, a flight kind of tide is felt in ſome places, at 
me times, very irregularly, and only diſcernible by diligent ob- 
ation. But in thoſe capacious receptacles of water, the At- 
ie Ocean, the Pacific Ocean, and others, the fluid is con- 
lady in motion, riſing or falling with little ceſſation, and with 
raular and determinate periods : every ſix hours and a half pro- 
I cucins a change in the aſpect of the ſhores. Beſide this, every 


nd beſide this alſo, at certain periods of the year, they are yet 
nore notorious and extraordinary. It is clear, that no princi- 
ein the water itſelf can cauſe theſe changes, in ſuch variety and 
nconſtant regularity : nor any principle in the globe of the earth, 
ir its ſituations ; fince theſe are not fo frequently interrupred, 
but gradually and ſleadily maintaln their progreſs. - We muſt; 
lterefore, ſeek ſome more diſtant cauſe ; and this we find among 
lit celeſtial bodies. | | 

The neareſt planet to our earth is the moon; and though much 
ialr than our earth, yet it has conſiderable (always proporti- 
mate) ellects, over the whole globe. The folid parts of the 
ebe being firm and inſeparable, whatever power atiecis them, 
ts im pulſe is diſtributed throughout the whole, and that propor- 
wn ot this power which falls to the ſhare of any one part, js 
tiling, but, the fluid parts of the globe, their union being 
licht, are eafily ſeparable, as if every atom were independent, 
fire, therefore, we may expect, that appearances will diſcover 
le exertion of any power, and here we find, in conſequence, 
liz moſt unlimited mutability. 

Jo render this mutability more conſpicuous, let us for a mo- 
nent, ſuppoſe, the whole ſuperficies of the globe were covered 
nin water; no iſlands, no capes, no promontories, to check its 
ture, It would follow, that whenever the moon was at an 
poſed meridian, the whole body of water would feel her at- 
Wuve power, and would there—immediately under her—ſtand, 
SIt Were, on a heap : her influence, I ſay, would aſſemble a 
dert body of water, and immediately beneath her direct and 
"ical rays, would be the very fummit of the hill of water; ſo 
vtrm jt, Were the a. now ſuddenly checked, 


＋ 


brinicht the tides are more conſiderable than at other times; 


thus 
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thus would things continue. Admit this for the preſent: an «i 
ſurvey this globe of water. As we recede from where the moo ines 
is vertical, to where ſhe is horizontal, as we increaſe our diſtand 
from the ſeat of the oon, we decreaſe our depth of water; til 
being arrived at that part of the circumference of the globe {off 
the equator, or path of the moon for the preſent time), whe 


7 PE 
ac“ 


naht 
bodies 
they ir 
lppoi: 
follow 
cht f. 


water is of leſs depth than it naturally would be- it is low watef 
So far all is eaſy, and requires little mental exertion to conceiv@ 


But though the attractive power of the moon be conſidera1&M 1 
yet after it is once counterpoiſed, by the weight of waters, H cure 
more diſtant water would little feel its influence, and wou more ! 

be little diminiſhed : this tends in ſome degree, to account tl” bei 
a ſecond depth of waters, in that part of the globe which Jett 
Oppoſite to the moon's ſtation, in her diurnal rotation: U beet! 
which we cannot wholiy account for, without taking that rot 2 
tion into our eſtimate, and remarking the reflux of waters, froiff before 
the place where they had been aſſembled by the moon's power but Uy 
this reflux is confiderabie, and conſtant, and is augmented by tl The 
change which is continually taking place in the center of g H 
vity, between the two planets of the earth and the moon: 3 Alexan 
theſe cauſes contribute to make a ſecond tide oppoſite to th ſlole! 
point where the moon is exerting her influence. e. 

As the moon proceeds round the earth in her monthly court 
ſhe changes the fituation of this afflux of waters; and as by til ber 
diurnal motion of the earth ſhe ſeems daily to go round it, H 
depth of tide accompanies her; and would punctually do (WF 
were it not checked by the following- cauſes: (1. ), though til © this 
waters feel. her influence immediately, yet they muſt have {of png 
time to aſſemble in, and thoſe from diſtant parts have tun 2 it | 
impediments to overcome, ſuch as the reſiſtance of the wal, 
before them—the difficulty of riſing to a level and their inn nt 
nation to preſerve the equality of the water behind them. 1 9 
time of high-water, therefore, in the moſt open places, flows e 
time of the moon's coming to the meridian about two hour 8 wy 
(2) In countries where the coaſts are irregular, that irreguiar_hhl : <3 
has great influence; in rivers, or arms of the fea, which run ' 5 
in-land, the time of high-water varies with circumſtances. Wl. Th. 
the moon took no longer time than the ſun to go round the eat; A 10⁰ 
daily, the tides would happen every twelve hours; but as a 1 I 5 
nar day is longer than a ſolar day by almoſt an hour, the inter Kone 
between the tides is prolonged in the ſame proportion. ; Tg 

Deeper tides happen in ſome parts ot the month than R Ih 


others, becauſe the attractive influence of the ſun is then uo i 
| - . 
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id to that of the moon; ſhallower tides happen at ſome 
mes than at others, becauſe the influence of the tun is then ſub - 

cel from that of the-moon. Thus, ſuppoſe the moon alone 
cht raiſe the waters ten feet, and the fun two feet ; when theſe 
dies are in conjunction, and their forces conſequently united, 
they may, together, raiſe the waters twelve feet, on the contrary, 
kpole theſe bodies to be at right angles with each other, it will 
low that what one would raiſe, the other will depreſs, and 

cet feet will be the height of the tide. 

s the moon is not always equidiſtant from the earth (her 
wurſe not being a circle, by ſomewhat oval), ſhe has ſometimes 
more influence than at others; on the ſame. principle, the earth 
ot being always equidiſtant from the ſun, that luminary has 
bmetimes more power than at others: and the perihelion of our 
Janet being in winter, we may in winter expect the greateſt force 
for his attraction. The greateſt tides happen about F cbruary 
before the equinox), and about November (after the equinox}, 
ut always dependent on the neareſt diſtance of the moon. 

The greateſt tide we know, 1s that at the mouth of the river 
lnuus; where the water riſes thirty feet. What an object for 
dexander! who had never before ſeen ſuch a phenomenon, but 
hole knowledge was limited to the gentle, and almoſt motion 
kis waters of the Mediterranean! no wonder he thought the 
marine Deities were by ſome means offended ; and endeavoured, 
y oferings and facrifices, to avert their impending fury. Sul- 
jenſe, ad awe, and curioſity, muſt have agitated the breaſt of 
Ms intrepid warrior, who, had he endeavoured to aſſign a cauſe 
ir this event, had little needed to have ſighed. for other worlds 
lb orquer,—tince even his preceptor Arittotle, was mortified to 
Ind it beyond his knowledge. 'T he moſt remarkable tides are at 
Tonquin ; for here is but one ebb and one flow in twenty-four 
tours ; and twice in each month is no tide, the water being ſtag- 
tant, Theſe appearances were ſolved by Sir Iſaac Newton, 
hin creat ſagacity; he attributed them to two tides entering 
tom dilkerent quarters; of each of theſe tides coming ſucc effive- 
h ever! day, two at one time greater, two at another time leſs ; 
be two greater compoſe high tide the two ſmaller the ebb; and 
the balancing of thele tides accounts for the interval of no tide. 

Though tides are the greateſt inſtance of the mutability of 
ater, yet others are ſuſpected by curious obſervers; and could 
Fe comiVE inſtruments ſufficiently accurate, we might probably 
ico, er the ſame cauſes producing a wonderful variety of effects. 
it has been ſuſpected, that, the kind of madneſs which ariſes 
dom an accumulation of water in the brain, follows pretty 
12 cloſely 
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cloſely the phaſes of the mcon : and as the ſubjeAs of it are uſy.. 
ally worſe at new, and full moon (the times of high tides), ſome # 
have hinted that a kind of tide diſturbes the ſeat of the diforder. 1 

Wee have another phenomenon in extenſive oceans, Which! 
does not 2 appear in ſmaller bodies of water: I mean, the surG xs, | 
which, in enormous waves, almoſt overwhelm the ſhores. | 
J nile are moſt frequent about the equator, and ſeem to be oc. 
ſioned by the diurnal motion of the earth, which being moſt ſen- 
iiDie in thoſe parts, has the greateſt effect on the reitleſs deep. ; 
"The motion of the globe is ſteady with regard to the terra fir- [ 
na, but the buoyant waves being thrown forward by this motion, | 
are impelled beyond their natural velocity, and in conſequence 
they exert a force upon the land, which contributes, in ſucceſ- 
lion of ages, to uadermine or overwhelm it. Being thrown for- 
ward in one part, they are of courſe withdrawn from ſoine 
other; but being a fluid, and perpetually endeavouring to regain 1 
the loſt equilibrium, their waves roll backward, with little leſs 4 
rapidity than forward; and by rolling on each other, in the 
courſe of ſo many hundred leagues of water, by the time they 
reach the ſhore they become of great height: and upon thele | 
thores there is no landing by boats, and little ſafety for veſſels. 

Streams, and brooks, and Rivers, enlarge in extent and im- 
portance as they proceed; they gladden the thirſty ſoil, they re- ö 
freſh the drooping plantation, they furnith beauty to every vege- } 
table; where they flow life is vigorous, and pleaſure abuadant; } 
they ſeem indeed to deftroy, but they really contribute to in- | 
creaſe ; and though a few acres might be recovered were a river | 
annihilated, who would accept the exchange! ? Such are the gil 
of Providence : ; partial ills, perhaps, but general benefits: 
ſtrikes us evidently in the river, and would do in the ocean, 12 
that the ocean is beyond our calculation. Why ſtorms and tem- 
peſts? that like rivers they may do much good at little expence. | 
Such is the appointment of him who peaks the wild waves into 
peace, „ hitherto ſhalt thou go, but no further, | 
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Or Tur ELEMENT EARTH. 7 


THE viciſſitudes and changes to which our planet has been 
ſubjected, have greatly, I might almoſt ſay totally, altered its 
appearance; ſo that its original compoſition is now to be in- 
ferred and gathered (and ſometimes ſuppoſed,) from circum- 
{ances which occur but ſeldom, from facts collected with much 
care and ſedulity, or ſought with eagerneſs and hazard, where- 
erer ſome chaſm ſeems to hint a probability of ſhewing nature 
free from thoſe diſguiſes which are her cuttomary attire. - On 
the ſurface of our globe, what works, what: undertakings, are 
in perpetutual progreſs, from propoſition and commencement, 
completion: from completion to ruin and decay. Every 
animal is by himſelf n yet the united, or the ſuc- 
ceſſive efforts, of animals, produce no trivial effects in the ap- 
pearance of their general mother. Some burrow ſuperficially, 
{me dwell deep in dens, ſome excavate the very rocks; all while 
they live, conſume part of her productions; when they die, 
icy yield a ſomewhat which furniſhes freſh productions for ſuc- 
cellors, What has been the conſtant employment of man, (ef- | 
7*cially), during ſo many ages? to till the ground; to increaſe 
e nobler ſpecies of vegetables for his uſe, or pleaſure, or that 
the animals he has ſubdued to his ſervice : hence barren heath 
has been covered with verdure, cultivation has fertilized the ve- 
iy ſands ; hence woods of various natures planted, hence rivers. 
reulated, hence canals created, hence waters collected in ſome 
faces, drained in others; here he wants a pool, there he forbids 
marſh ; here he deepens a haven, there he repels the ſea, and 
eltrains it by a dyke. What a change of the face of nature a- 
wound ſome opulent metropolis ! the bowels of the earth are 
anſacked for riches or ornament ; and what was buried in ob- 
Curity, now gleams in the face of day. Theſe are occurrences 
0 notorious, ſo regular, and ſo conſtant, that to convince our- 
(res of their influency, needs but ordinary obſervation. | 

But more potent principles than theſe, effect at a ſtroke, 
ore than all the ſucceſſive efforts of mankind; and with una- 
bated vigour, with inceſſant aſſiduity, they punctually fulfil their 

| employment 
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employment: no change of object, no diverſity of opinion, no 
attention to others concerns, interrupts their uſual occupation; 
{ſuch are the elements we have already treated on, AIR and wa- 
TER. Every ſtream of air which ſweeps over the furface of the 
earth, carries with ſt much which has not power to reſiſt its 
force. Is there a ſtraggling atom of earth? it is whirled away, 
now here, no there, this ſpot is deprived of it, that it aug- 


ments; and trifling as this may appear, the perpetual repetition | 


of it has gteat eſects: producing barrennefs where was tertility, 
and fertility where was barrenneſs. Nor is this all; for the air, 
by the conſtant operation of vapours, ſhowers, rains, ſtorms, 


tempeſts, performs by the agency of theſe mereors, with rapi- | 


dity, what to itſelf alone would be tedious. Who has not ſeen, 


after a heavy rain, the very, ſurface of the upper grounds convey- | 


ed to the Jower ? evident in the ſtreams running over its ſurface; 


in the diſcoloured water of ditches, of brooks, of rivers. The | 
ſame event occurs even on the mountain tops, which by repeated 
rains are gradually diminiſhed. If theſe ſcarce- noticed cauſes } 
produce in time ſuch extraordinary effects, we cannot but attri- | 


bute yet greater powers to the waters of the fea, whoſe reſtleſs a- 
gitation opens or fills, deepens or ſhallows, guiphs, bays, havens, 


ports, Wherever it has admifſion. Is it faid, theſe cauſes are 
ſuperficial, let us examine beneath their operations ?—this is | 
ſcarce, if at all poſſible, deep as we dig, we find the traces of 
water and its power :—the endeavour is hopeleſs, and rendered | 
more hopelets, by the operations of earthquakes, of ſubterrane- | 


ous fires, of volcanos, and many other probable principles, 


whote conccalment is no impediment to their exiſtence deep in 
the globe. Under theſe embaraſſments, how ſhall we diſtinguiſh | 
Elementary Earth ? or'is there, or was there ever, one fimple } 
earth, the parent of all others, wiſe plaſtic principles furnithed I 
thoſe varieties which now perplex us? Rocks are earth, equally i 
with ſand or clay; yet the obdurate Alps of granite, ſeem little 
allied io the crumbling duſt of the fand-pit : and who will ſup- 
poſe mines of metals, gold; ſilver, lead, tin, &e. of ſalt, coals, | 
flate, and others, who wiil ſuppoſe theſe to be merely ſeparations 
from any Criginal parent? and to which, among thote we are 
acquainted with, thall we attribute patriarchal honour :I con- 8 
ſider it as labour loſt to examine this queſtion cloſely: could we 
folve it, ſmali would be the advantage; and probability ſeems (2 
the utmoſt extent even of our fortunate reſearches. Lo me I 
ſeems probable, that earths of various kinds were originally ap- 
pointed to compole the habitation of man; but that earth to 
which he ever was, and ever will be, under the greatelt 7 8 
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don, is that which - furniſhes vegetables with proper ſupport * 
which opens the enfolded ſeed, nouriſhes the tender germ, ſup- 
ports the riſing plant, and matures the important product, 
whether falubrious or uſeful, whether for nutrition or for conve- 
nience. 

Chymiſts, indeed, diſtribute earths into ſeveral claſſes, ac- 
cording to ſuch of their properties as they have diſcovered ; and 
it mi aft be owned that this diſtribution has many advantages z 
but it is difficult to ſay Which of theſe claſſes is (naturally) ſimple 
and pure earth; ſince, when ſubmitted to the teit, they furniſh 
z variety of products which proves they are compofitions : and 
this variety conſiſts, not only of different earths, but of other 
dewents; of air, and water, we knew; and why not allo of 
fre: 

A very ſtriking property of moſt earths is, that they are capa- 
ble of vitrification © : that being ſubmitted to various degrees of 
fre (ſome of which are highly intenſe) they liquetfy, and run in- 
to a kind of glaſs, more or leſs tranſparent, more or leis hard, 
of various colours, and ſo on. This has induced ſome perſons 


to imagine, that the whole earth was once a fluid of burning 


matter, not unlike glaſs; which, as it cooled, became at length 
it for the reſidence of animal and vegetable iſ" ; it is true, ſay 
they, it was a long time in cooling „and it continues cooling 
ſtil;—when (according to this hy potheſis) it ſhall be quite cold, 
ſhall the general conflagration enſue to deſtroy it? 


This preſentsa ſpecimen of the creative powers of human imagi- 


nation: Earth is vitrifiable, therefore it has deen vitrified; 
when it was vitrifled, no one doubts it was a ſeat of heat and 
fre ;—right, ſays another, it was therefore a comet; comets 
are ſeats of heat and fire: — granted, is the reply, if you ad- 
mit that both comets and planets, but planets eſpecially, were 
formerly parts of the ſolar luminary, that origin ot heat and fire. 
duch is mankind ! O could foe happy genius tell us, by calcu- 
htion, at what period the next comet {hall graze the ſolar ſur- 
face, and ſtrike off freſh planets to join the. revolving chorus ! 
who would not with to live when that encounter happens | who 
would not wiſh to riſque a ſituation on that heavenly meſſenger, 
which fhall thus ſhock worlds into being! But alas! no mortal 
has hitherto been favoured with the fight : ;—and, ere its next re- 
urn, mortality ſhall be ſwatlawed up of life! 

VirRIFIABLE EARTH furniſhes many conveniences and 
tlegancies to mankind ; ſince the articles made of glaſs, to name 
* other, are very numerous. But ſome kinds of earth, being 


lubmitted to the action of fue „ become merely a kind of crumbling | 


powder, 
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powder, and theſe are termed CALCAREOUS : ſuch are chalks - * 
lime- tones, and even marble. Gyrskous EARTH forms pla- parth! 
ter of Paris; and has the ſingular property, after it has been | on 
burnt to a powder from the ſtone which furniſhes. it, of becom plete ur 
ing a kind of ſtone again, by the addition of water; and of bs, ot 
ſwelling as it dries: a circumſtance not, as I recollect, belonging WW „ imm 
to any other ſubſtance. This renders it extremely convenient to 1 
form caſts from molds, & c. as hereby it inſinuates itſelf exactly | e 
into every erevice, and becomes an accurate counterpart of the rends f 


mold which contains it. Macxnestan EARTH is diſtinguiſhed 8 Tha 
by ſeveral properties; this earth is ſeldom (naturally) ſeen by it- | at firſt fi 
felf, but is uſpally obtained by ſeparation from others. ARC II- or leſs) 
LACEoUs EARTH, or CLay, ſeems the neareſt approach to that i 
which furniſhes vegetables with ſupport : and yet pure clay poſ- in 
ſeſſes few fertilizing principles, nor do we ever find, in ſuch pits tcourſe 
as have been opened, that any kind of verdure covers them, till fed, fo 
a proper time has elapſed, and they have acquired a ſomewhat of 


other ha 


mcety 11 
which before they were deſtitute. 4 hp 
It is not improbable, that all the ſoil in the world with which | roſition 
we are acquainted, has in a like manner acquired a ſomewhat of WM Ab fs 
which at one time it was deſtitute. It is in vain to refer to any Wl i: 1 or 
period beyond the flood, as furniſhing an original and native ve- Wl i. of 5 
getable earth; but it ſeems likely that, ſubſequent to that terrible bough, 
convulſion of nature, the trees and plants, their leaves, the more "ha pl 
tender kinds of graſs, &c, rotted into a pulp, and dried by degrees. Ther 
We are not under the neceſſity of ſuppoſing every ſpot was utterly WM e trecs 
deſtroyed, but, conſulting probability, we may admit, that then as (aber 
now, the ſpoils of former vegetables became the ſupport oſ their Wl: exper 
ſucceſſors: and this ſeems the true origin of the moſt fertile WM; 7; a. 
foils : of ſoils the moſt fertile without human affiſtance and art. Rs 


Such we find in regions where the human foot has never trod; WM. "ob 
where, during a long lapſe of time, decaying verdure has accu- ts and fe 
mulated, and enriched at its deceafe the earth which ſupported, would for 
its life. Here reigns exceſſive luxuriance, and ſuperabundance liey were 
of vegetation, plant upon plant, below impenetrable, withou: WM: Red 
the aſſiſtance of a hatchet to open a paſſage, and riſing over | ead h degree 
to the very tops of the talleſt trees. — a canopy ſo matted toy ether Md 
and interwoven, as to exclude the light of the ſun; and o ding 
ever cleared away at bottom, yet upheld by mutual ſupport at 


hage, al 
op. This ſoil is fo rich, as to require impoveriſhing ; and the en the 
planter knows, that unleſs he mixes a proper proportion of ſand be 
with the earth he cultivates, his corn, &c. will ſhoot rapidly in- lon of its 
to height, become rank, and ſpend, in appearance, that pint. bo 


and ſtrength, Which ſhould be its richneſs and value. The ey | 
| 1 gravy 
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gras here, riſes to the height of a man, and muſt often be burnt 
to retard vegetation. | | Leer: 

From what has been ſaid, it ſeems to follow, that elementary 
Farth is not now within our power: we find indeed, earths of | 
various forts, each valuable in its place, and all neceſfary to a coms . 
plete union and combination. Some we find rich, almoſt unctu- 
bus, others ſteril, dry, hard, and intractable. Some united in- 
o immenſe maſſes, ſolid and ponderous ; others in ſmall grains, 
ad almoſt atoms, the dutt of the earth! Some we find barren, 
others fertile, —thall we enquire upon what principles then de- 
pends fertility ? and how far is earth concerned in promoting it? 

That earth has ſome ſhare in the vegetables it produces, ſeems 
firſt ioht evident, from the earth yielded by ail vegetables (more 
or lels) upon reduction to their principles : but this ſeems on the 
other hand contradicted by experience, which aſſerts that the earth 
wherein vegetables grow, loſes nothiag of its weight or bulk, in 
zcourle of years; but, ſo much as it was when firſt it received the 
ſed, ſo much it continues undiminiſhed. This is apparent to a 
nicety in the orangeries abroad, where each tree being planted in 
a diſtinct box, the increaſe of earth (by depoſition and decom- 
poſition of the fallen leaves of theſe trees) would be evident: as 
alo its decreaſe, if the plant abſorbed it. But it ſhould ſeem, 
that after allowances made for loſs by duſt, &c. blown from the ſur- 
tie of its box, that famous orange tree the Great Bourbon itſelf, . 
WF tough, three hundred years old, has not diminiſhed that earth 
WT was planted in. ru ES, | 5 

The repeated ſupplies of leaves, flowers, and feeds, with which 
lie trees are annually arrayed, and which they afterwards caſt off; 
ogetler with the perpetual diffipations ofthe ſap, whoſe freſhne ſs 
ve experience, not only in foreſts, but even in a timber-yard, 
and for a conſiderable time after wood has been felled ; are ſuch 
onſumptions, as would exhauſt the earth in time, were they fur- 
WW vie from her own ſubſtance. If the repeated loppings of thick- 
band foreſts, were all to be thrown together for ſome ages, they 
e 
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Foud form piles as high as the mountains themſelves, on which 
liey were cut; and if the earth either produced the woods, or 
turiſhed them from her own bowels, theſe would all be conſumed 
lj degrees, The mountains by being conſtantly undermined, 
adwatled by the proceſſes of ſo many deep roots, would be inſen- 
Wy diminiſhed. Their evacuations would ſink them from age 
hege, and the ſmaller eminences would have been laid level 
Ita the plains long ago. St | 
Ihe earth, which nouriſhes our foreſts, ſuſtains no diſſipa- 
i of its {ubſtance, but continues undiminiſhed, like the earth 
ate box of an orange-trec.” N 
a & And 


* + "wo „ 
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vy as it was at firſt? The materials of theſe growths mult be im- 
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ec And yet the orange: tree has acquired conſiderable acceſſions 
of growth; and has likewiſe produced leaves and fruit repeated- 
ly. ' Theſe have weight proportionable to their ſubſtance : from 
whence then do they receive it, ſinee the earth continues as hea- 


parted from other ſoirces “, Het. | 
This fact has, in other inſtances, becnaccurately inveſtigated; 

the earth previouſly weighed to a grain, and every precaution ta- 

ken: the iſſue has uniformly been the ſame. We conclude, 


that earth only furniſhes a convenient and neceſſary channel, or 
means of conveyance, to thoſe principles which promote vece- | 
tation. We ſee, every day, many flowers, eſpecially bullous. | 


rooted flowers, without the aſſiſtance of earth, bui merely as no. 


riſhed by water in thoſe glaſſes which decorate our mantle- pieces: 
we fee them daily flouriſh in every variety of tint and coloyr ; | 
nor perhaps has it eſcaped our notice that many family eſcul-nis | 
(onions, for inſtance eſpecially) wil! ſpront and grow while, 44-r | 
20, free from every ſuppofable communication or copta | with 3 
earth. We have here appealed to ſubjects with which we arc -= 
miliar, and which having originally grown in earth, may ſeem Þ 
to require a connection v.ith that element, as moſt au,, 
moſt neceſſary, for their further growth: but it is with great! 
probability ſuppoſed, that many vegetables growing in de , 
whoſe leaves appear and ſwim om its ſurface, have never bc! at- | 
tached to earth, but may be conſidered as'germinating and in- 


creaſing in water only. | 


25 


may fall to the bottom, and there firſt unfolding, may originate 
from the earth, and afterwards be torn from it by currents of wa- 
ter, we grant it may; yet it theſe plants, from this {upp ſed ſtate 
of immaturity and weakneſs, arrive at their perfection while float- 
may, with at leaſt equal juſtice, bY 


ing on the waves, the | ; 
deemed the offspring of water as of earth: we know, indeed, 
that a ſprig of mint (and other plants), after being taken from 
the earth, will ſhoot out roots and grow in water; but it is with 
great difficulty ſuch a ſprig can be returned from water to its na- 
tive bed, with advantage: ſuch plants ſeldom ſurvive the changed 
Upon the whole we may, without injuitice conſider earth as fur 5 
niſhing, (I.) a proper bed wherein plan 3 are depoſited; (2. 
heat and warmth in due proportion for maintaining the life com 1 
mitted to its care; (3. ) a regular draught of thoſe nutritive quceſ 
vrhich it receives from other quarters. iter (£1207 1: 

Lf) Tie texture of that earth wherein vegetation flouriſhe „ 
is neither ſo ſtrong and hard, as to forbid the penetration of tag 
roots, and their ſmaller fibres; nor ſo looſe and duſty, as to p : 
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If it be ſaid that the ſeed of ſuch plants 
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with ſuch roots by the agitation of gentle breezes; not ſtiff like 
day, nor crumbling like ſand; but of a due conſiſtenee, and, as 
one may call it, temper; (2). There are foils ſo cold in them 
vlves, that labour is Joſt in attempting to ameliorate them; .thelg 
ire conſequently diſpoſed to barrenneſs; others are naturally warm. 
Bit in another ſenſe the earth is warm, as it receives, and holds 
ſor dome time, the ardent beams of the ſun, and theſe it diſtri- 
butes as occaſion requires; regularly, conſtantly, probably fru- 
gh, but certainly effectually, and without reju tance. Were 
the heut of the ſun at once imbubed by a plant, it would be parch- 
e and conſumed; or if it ſurvived, when the ſtock was exhauſted 
what penury would follow! But the earth, gradually warmed by 
the ſo ar beams, imbibes them; and when the ſun is withdrawn 
during night, maintains a ſteady warmth around its plants till 
the {un returns; and this kind office it continues, till the plants, 
having reached maturity, - fulfil the reapers hope: (3: ). On much 
th: lame principle, the diſtribution of rain, &c. bythe earth is be- 
nal: a Rood of rain does, much leſs ſervice than if it were gen- 
le becauſe it runs off the earth rapidly, rolling ſuperticiaily over it; 
Ves gentle rajn gradually finks to a proper depth in the ground 
rendering it a- kind of reſervoir, from whence the plants, by 
roots, may draw a ſufficient moiſture for a conliderable time. 
at the interventiom of the earth-1s neceſſary, appears from 
wi das been guſt obſerved; chiefly as it affords a Kindly- adapted 
medium and paſhge to thoſe principles of vegetation, of which 
Hen {urnifhes but a diminutive ſhare every element, perhaps, 
priakes in the format ion of a vegetable; air is notorious, Wa- 
ter 15 very abundant, earth has ſome ſhare; and without fire, 
1 plant would arrive at maturity, would ever be ripened or 
=__ ciated. - #365 * | 
de. Ü admire the productions of the earth; and we dwell on 
WT thr characters, and qualities: the lofty tree and the beauteous 
ol lower, the ſturdy oak and the fragrant role ; but we ſeldom re- 
elt on the near alliance between them and ourſelves. I was 
pernaps wrong in ſaying, © our greateſt obligations are to that 
terth which ſupports vegetables; ought I not rather to have ſaid, 
hat carch which compoles ourſelves? which, animated in man- 
nd exhibits every varigd excellence, and every , captivating 
ace, which ſparkles in the eye, or glaws on the cheek, exalted 
beyond the capab. lity of flowers, were lovelineſs only regarded: 
but if ſocial manners, and affections mild, adorn this exaltatjon, 
Wat has not earth to boaſt? or, when conſtancy and courage, 
genus and kill, depth of thought, of reſearch, of underſtanding 
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connect with a little earth, in what is the lofty tree, the ſtur , 
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u, comparable to this? 
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Me have ſeen that earth itſelf oan produce no plant, can form 
no blade of graſs; barren and vacant alone, but the means of pro- 
duction arid ſupport to all things; and, when commiſſioned, the 
reſidence even of thought and intelligence. See what ſupreme 
Power and Skill can do! But though we do right to admire theſe 
effects, we may reaſonably hope to behold infinitely greater won- 
ders, when this clothing of earth ſhall quit us; When we ſha!l re. 


turn to earth what for a little while we had borrowed ; and when 
the clay, whoſe medium is now neceſſary to communicate our 
ideas, our ſentiments, our conceptions, ſhall be deemed no 
longer worthy our reſidence ; for, though wonderfully wrought 4 


”- 


and formed, replete with contrivance and ingenuity, aduated 
by, and actuating a thoufand ſprings, all aftonithing in their 
conſtruction, in their effects, in their compoſition, in their ſym- 2 
pathy, and in their union, yet this fabric ſhall be diſſolved, and E 
earth return to earth, and duſt to duſt.— What! ſhall this com- 
poſition, this terreſtrial maſter-piece of the Divine Workman, 
omniſcient in wiſdom ! ſhall it be loſt, be deemed unworthy ad- 
miſſion among his ſuperior exertions of ſkill? No! it ſhall be 
purified by diffolution, then be adorned with fplendor, be ſur- 
rounded wirh glory, be ennobled with dignity, and then, earth 3 
—earth ſhall be honoured among the molt honourable works of 
Deity, and perhaps be remarked by admiring angels, as a tranſ« 
formation once unthought of, unlooked for, and now beheld 


with ſurpaſſing aſtoniſhment, and joyful gratulation 
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Or ras ELEMENT FIRE. 


THERE is nothing more difficult than to confeſs ignorance 1 


8 S * 2 — K 1 —— 
7 . 8 
e 2 1 * PRI Ok SN 25 2 2 3 


3 


with a good grace: how often do we ſee hints, innuendos, and 
even 7 and grimaces, employed to palliate or diſguiſe the 4 


* 3 


' abſence of accurate information! and this too, on ſubjects be. 
yon the powers of humanity, where accurate information ought? i 


ittle to be expected. There are many things whoſe uſes ve 
enjoy, but their cauſes are hidden; we receive from their fe- 
vices many benefits, but the manner in which we receive them, 
or their mode of action, is ſecret—this ſecreſy ariſes from vari- ; 


ous reaſons ; either they require for inveſtigation a length ot 


ume 
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e which exceeds the uſual limits of human life, or at leaſt 
acceds that proportion of time and ſtudy which, prudence per- 
cits individuals to beſtow, or they are attended with diffcul- 
les, or with danger. , Who can juſtly expect that mankind 
hould fathom the ocean, and explore its receſſes? ſhould diſ- 


rer all its inhabitants, their abodes, their manners, their pro- 


erties, their connections: — Fill man becomes an aquatic, 
en limited knowledge of theſe mult content him. With equal, 
wh perhaps ſuperior difficulties, we inveſtigate the element 
FRE. It is true, fire is all around us; is neceſſary to our ex- 
fence; baniſh it we die: on the other hand, collect it, too 


nuch overwhelms us with deſtruction: and yet, when we aſk 


kat is fire, who can completely anſwer the queſtion? 

[ (hall not profeſs to know, what probably never was, nor 
wer will be known; but without endeavouring a diſplay of 
rcondite knowledge, ſhall offer a few ſimple remarks, ariſing 
nturally from the ſubject under conſideration. FED 

We maſt in the firſt place, diſmiſs from our ideas of this ele- 
nent, what in reality makes no part of it; fucl is not fire : the 
03s burning in a grate, are conſumed by fire, and they afford 
utenance to fire; but it is highly improper to ſay, an element 
conſumes itfelf, or ſuſtains itſelf. Our food is not ourſelves, 
though it is the means of ſupport and prolongation of our life, 
Nor is the ligt, which uſually accompanies fire, any part of the 
tement : on the contrary, it may juſtly be ſuſpected, that in- 
tnſe light (ſuch as we may conceive of but not ſupport) ſhould 
her deſtroy fire, We {hall hereafter ſee clearly, that the firſt 
theſe poſitions is true. I ſhall at preſent only explain the 
kcond, If we can prove that light is not fire; I preſume we 
may ſafely aſſert that fire is not light, 

The firſt inſtance of the ſeparate exiſtence of light is in' the 
lunar rays ; which, at full moon, are, as we know, abundant, 
nd even ſufficient for the purpoſes of life; they are clear, and 
rot without activity; yet, when condenſed by a burning glaſs, 
ire hundred or a thouſand times, ſo as to be extremely bright 
ad vivid, they excite no heat, nor do they in the leaſt raiſe the 
:quor in the thermometer. —Reaſon a little upon this,—the 
molt ſenſible inſtrument human ſkill can deyiſe,—which is af- 
k:ted by the breath, by the approach of the hand, by the moſt 
ubtle vapour, yet remains unaffected by a condenſation of the 
nar rays. Rays from the moon are merely reflections of rays 
tom the ſun 3 there is no ſuppoſable quality in the moon to alter 
change their properties; all that planet can do is, by the 
ſlericity of its ſurface, to diverge and expand them; which is 

fs merely 
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merely a ſeparating of ray from ray, or introdueing diſtance andi Jleaſt 
interval between the reflected rays, bur makes no change in any nen 
one ray, conſidered in itſelf; it follows, that rays from the ſun bat 
are light, not fire or heat. f eee ad, le 

Is it inquired, whether, on our own terraqueous globe, the '' 
be places Where light abounds in regions of cold? we anſwer, fl hin 
mahy: every mountain top beats evidence of this; but it is ef- ne, 
pecially) denionſtrated on the ſummits of exceeding highly ele. . 
vated mountains. We inſtance, the Prat of Tenerifh, a moun- tone 
tain by itſelf, on an iſland. Below, are ſultry expofures and ex-. ve c- 
ceſſive heats, here the labourer faints, here the lighteſt clothing! | exciud 
is thought too heavy; cool grots, and ſhady retreats, are nere Ibere 
the only enjoyment of life: but aſcend the mountain, the ar dark 
becomes temperate, then cool, then cold, ſharp, froſty, ſevere. Ke. 
—Here all its winter; here dwell eternal ſnows; yet light is kun, the 
abundant! Still more remarkable are the tops of the Andes, offeples 
the Cordilleras (in South America); for theſe mountains are bs fu 
ſufficiently large to afford ſpacious plains, and extenſive levels: weir e. 
here is a ſerene ſky, ever blue, ever bright; no vapour riſes ta tin 
this elevation, nor cloud obſeures the ſplendour of refulgent day,! 4 ligh 
never moderates the exceſſive heat? Oh, no! the warmetWWI*'5 a 
furs, the moſt ſolid clothing, the winter dreſſes of polar climates; 1 med Witt 
fail here, and cramping cold pierces the very bones. Here, ii doubt] 
any one dies, the body remains intire, embalmed by perpetual ane; ſh1 
cold; it ſuffers no change, becauſe the alternation of warmth if uthoug 
unknown : and of thoſe who paſs thele ridges of mountain upon ter bod 
mountain, without paying their lives for the journey, many ar molt { 
maimed ; they loſe their fingers, their toes, or other extremities MM" ere 
whoſe diſtance from the fountain of life ſubjects them to a di 285 
minution of vital heat. | K uhout 

Etna, you know, is a volcano replete with the materials of till | 
fire; yet high on tna ever reign perpetual ſhows. After thi m when 
it is little to mention that a friend of mine, in paſſing the y lugge 
renees, experienced the air * penetrate him through and through: . 
no defence could exclude the cold. =_ Di 

It is not without heſitation, I introduce the mention of ien 
phorit bodies, which thine in the dark; ſome of them, by the — vs 
qualities, ſeem pretty much impregnated with fire, united wit 12s of 
light: but others, have no fentible property of fire, bull &) be rer 


* ; . ff . 9 Mr q s ff 
ſeem merely lucent. Such is the Bolognian ſtone, and other Mari 995 a 


caſtes, which, covered over with their own duſt, and put ing. 
_ tor t 
Ag that i. 
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to a fire, afterwards retain the property of ſhining in the dark 
The duſt of theſe ſtones, ſo prepared, if ſprinkled on linen 


| 4 a |... 
woollen, &c. ſhines and ſparkles in every form, according 1 1 te 2 
. | þ con 
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u oleafure of its employer; but it neither ſets the linen on fire 
yr any manner (that ever I heard of) corrades, or injures it. 
What 18 more extraordinary, if one of theſe ſtones, thus pre- 
met! loſe its virtue by injudicious expoſure, and continue ſo 
le time, on being laid in the ſolar beams for a few hours, it 
il thine afreſh. Shall we ſay it imbibes a quantity of ſolar ,. 
wm, which it ſtrongly retains, and viſibly emits when in the 
kk! 1. e. in the dark they become viſible by contraſt ; perhaps 
i! fone is always either imbibing or emitting them; but the 
e cannot expect to ſee, nor the latter, unleſs all 5 light 

WI; cluded. | 
W There are many natural phoſphoric ſubſtances which ſhine in 
te dark; ſuch as glow-worms, rotien wood, corrupting fleſh, 
ih, Ke. Art has compoſed a variety of others ; and indeed it is 
= ſnd that from almoſt all ſubſtances, animal and ve egetable, the 
ociples of phoſphoric light may be extracted: fo univerſally 
15 his fluid imparted,, one "wouid think it a neceſſary ingr edient 
n ther exiſtence and vitality. : 
lis time now to inquire, whether fire be ever found ſeprrate 
Tn light? Fire is never found alone, we are unab'e to ſay, 
fois a Jump, or this is a drop of fire;“ but it is always com- 
aich ſome other body. Melted metals, ſuch as lead, &c. 
WT: doubtleſs held in fuſion by fire; but melted metals do not 
ie; ſhining, then, i. e. light, is no conſtant property of fire; 
n though its cuſtomary companion, in this inſtance deſerts it. 
ber bodies, in a ſtate of fuſion, agree with this beriet 
VE moſt ſolid ice ſubmitted to the force of fire liquefies, the li- 1 
F Kr therefore contains fire ; increaſe this quantity of hire, heat F Bib 
| "ater, Doll it, —boiling water does not ſh ne: here again lire 
our light. 
bebe granted, there is leſs fire in: vater in its natural ſtate, 
when boiling, as there is more fire in water than in ice. This 
WE) ace the manner how another fluid (the air) is aflected by 
1 2 i e. that it always holds a certain quantity, (elſe it would 
© | aps be frozen, ) but not enough to render its preſence viſible ; 
WT oo when, by great heat, air may be ſaid to boil, its 22/1 
ny exident by thetremulovs effect it produces on the p2ii- 
reys of light; bat it does not thine: and we know thata room © | 
ar be rendered extremely hot, even to ſutfocation, and far be- 
nd the degree of heat fatal to life, yet the air in that room ſhall 
witct no inclination towards ſhining; nor it we ſuppoſe a 
Kator to examine it, would he ſee init any difference indica- 
a tat it was replete with fire. 
As the atmoſp! pliete may contain a great quantity of fire, or Wo 
leit contains may be more active, and a: ita ated, at one time 
| tan 
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The fluid, Air, we can feel and hear, but neither ſee, nor 


taſte, nor ſmell ; Water is ſubject to moſt of our ſenſes, to talking 
to feeling, to ſmelling, to ſight; but Fire ſeems to be a fluidi 
neither to be ſeen nor taſted, nor ſmelt, nor heard, but it be- 


comes our acquaintance through the medium of feeling; by thi 1 
fingle ſenſe therefore, accompanied by obſervation and reflection q 
we ere to be directed in our inquiries after the properties and th q 


effects of fire. | 


If after the endeavours of almoſt all our ſenfes, and after expe- 
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Neither need we wonder, that different opinions on the ſub- 
ret mould divide philoſophers; chat what ſeems. plauſible, if 
wt altogether certain to one, ſhould to another ſcem weak and 
concluſive ; that the happy ideas of one are eſteemed frivolous 
y another, and that while wandering each in his own way, that 
wy ſhould appear moſt direct to himſelf, though iutricate and 
perplexing to his neigubour. h e 

From the 14th ſection of Sir Jſaac M wion's Principia, we 
kan, that the motions of ſmall bodies when attracted perpcnli- | 
warly towards any ſurface, accoliding to any law, are fimilar to 
the motions of the rays of light, with reſpect to the fundamental 
properties of inflection, reflection, and refraction: from hence 
chiefly, as well as from other arguments, is inferred, that rays ' 
o light are ſmall corpuſeles, emitted from ſhining bodies, and 
JJ noving with uniform velocities in uniform mediums; but with 
able velocities in mediums of variable denfities. This being 
Amitted, it will follow, that in whatever quantity the rays of 
bat arc made to move in a medium of an uniform denſity, they 
vill not agitate the particles, or produce any augmentation of 
bulk in that medium. If the atmoſphere was reduced to a me- 
dum of an uniform denſity, ſurrounding the earth every where 
o the height of five miles, it would be expanded in bulk, cr 
warmed, only at its outward ar d inward ſurface. The ſun's rays 
by coming out of a vacuum into adenſer medium, would be at- 
nated by the particles compoſing that medium; and, {ince all 
atraction iS mutual, they would excite a motion, an expanſion, 
a heat, at the outward ſurface where they entered: from thence 
hey would proceed uniformly, without producing any effect, 
til they came to the inward ſurſace of the atmoſphere contiguous -- - 
bo the ſurface of the earth, where they would undergo another 
eeleration of velocity, and would excite another degree of mo- 
wn, another degree of expanſion or heat. Such an atmoſphere 
would be coldeſt in the middle, the heat decreaſing from each. 
urface, We may, perhaps, from what has been ſaid, conceive, 
n ſome meaſure, how bodies are expanded, heated, aud vola- 
ilized, by the agency of the particles of light. Theſe particles 
it upon the minute conſtituent parts of bodies, not by impact, 
but at ſome indefinitely ſmall diſtance : they attract, and are at- 
ned; and in being reflected, or refracted, they excite a vi- 
tory motion in the component particles. This motion in- 
Meaies the diſtance between the particles, and increaſe of the 
ace between the conſtituent parts of any body, is an aug- 
mation of bulk, an expatifion in every dimenſion, the moſt 
e en charactereſtie of fire, This expanſion, which is the be- 
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inning of a diſunion of the parts, being increaſed by the increaf. WM wi: 
25 magnitude of the vibrations proceeding from the continued ebe. 
agency of the light, it may eaſily be apprehended, that the parti. bee 
cles will at length vibrate beyond their ſphere of mutual attracti- WM «cri 
on, and thus the texture of the body will be altered or deftroved : WM ti 
from ſolid it may become fluid, as in melted gold ; or from be- MM :c.: 
ing fluid, it may be diſperſed in vapour, as in boiling water. WW bt 
According to this theory, we mutt infer, that the conltituent WM ii: i 
parts of all bodies are in perpetual motion. The temperature = rec 
of the atmoſphere is different in different latitudes, and it chan- 5 retle 
ges almoſt every inſtant, in the ſame. The temperature of bo- para 
dies is ever proportionable to that ot the ſurrounding atmoſphere, ¶ cep: 


and from thence it muſt be perpetually varying. The bulk of WM & u 
every body is proportionable to its temperature, and muſt there- WI aten! 
fore be ſubject to a perpetual viciſſitude. At this inſtant the WM rc. 
body will be in an expanded ſtate, in the next inſtant, its heat WM ©: 
happening to be diminiſhed, it will be in a contracted ſtate ; ef 
which variation of dimenſions cannot be effected without a per- born 
petual vibratory motion of its conſtituent parts. 
It being eſtabliſhed then, that the rays of the ſun, even in bar 
their moſt condenſed ſtate, as in the focus of a burning ſpecu- beat 
lum, do not otherwiſe produce heat than as they excite a motion WI tema 
more or leſs violent among the conſtituent parts of bodies; and from 
the effects of culinary fire, of that produced by friction, or by th: r: 
the impact of hard bodies, being ſimilar to thoſe produced by WM lumi! 
the agency of the ſun's light, it may be conjectured, that they WM fuppo 
are produced after a ſimilar manner: and that fire is nothing WM 2nd | 
diſtinct from the parts of bodies put into motion by various WI this | 
cauſes, as the impulſe of light, friction, percuſſion, putrefaction, WM partic 
attraction of coheſion, &c. and conſequently that it may be me- £aii © 
chanically produced, altered, or deſtroyed in all bodies, with 
greater or lels facility, according as the parts of the body are ve ca 
more or leſs diſpoſed for motion. dons! 
This concluſion ſeems to be conſonant with the principles off tenſity 
Lhe received philoſophy Newton, in his 5th quzre annexed to tncs 
his /ptics, aſks, do not bodies and light act mutually upon one begin 
another? that is to ſay, bodies upon light in emitting, reflectin b put 
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refracting and infleci ing it; light upon bodies for heating them un 
and putting their parts into a vibratiory motion, wherein heat te. 
conſiſts? Such was the opinion of Newton. ben 
 Boerhaave thought that fire is a fluid of a nature peculiar to cui 
itſelf; that it was created ſuch as it is, and cannot be altered in lippot 
its nature or properties, can neither be deſtroyed nor produced; cpu; 
chat it naturally exiſts in equal quantities in all places; that 1 pelle 


3 who 
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wholly imperceptible to our ſenſes, and only diſcoverable by the 
effects it produces, when by various cauſes it is for a time col- 
ectec into a leis ſpace than what, from its tendency to an uni- 

rerial and equable diffution, it would other wiſe occupy. All 

te bodies which are fituared in the immenſity of ſpace, may, 
corn to this opinion, be divided into ſire expanding all other 

= bois, and into all the other bodies which are not fire, but re- 
WM li: is aftion. The matter of this fire is not ſuppoſed to be de- 
red from the fun in any wiſe; the folar rays, waether direct or 
MF -i-ctc:l, are of uſe only as they impel the particles of fire in 
WW prize; directions : that paralleliſm being deſtroyed, by ing r- 


r 


of untorm diffuſion. Conſiſtent with this explication, which 
attributes heat to the matter ef fire, when driven in parallel di- 


te. tions, a much greater mult be given it, when the quantity ſo 


coded) is amaited into a focus; and yet the focus of the larg- 
el ſbecuum does not heat the air, or medium in which it is 
formed, but only bodies of denſities different from that medium. 

ihe author of the Lettres Phyſgues is of opinion, that the 


8 


heat ſucn bodies as do not allow them a free paſſage. In this 


n 5ciark he is agreed with Newton: but then he differs totally 
| BM from hin, as well as from Boerhaave, concerning the nature of 
dhe rays of the fun. He does not admit the emanation of any 
/ WH luminous corpuſcles from the ſun, or other luminaries, but 
7 WH Lppoles all ſpace to be filled with an æther of great elaſticity 
g and fimali denfity, and that light conſiſts in the vibrations of 


— - 
we 


this ether, as ſound conſiſts in the vibrations of the air; the 
particles of the one medium exciting, by impulſe upon the or- 
can oi Viſion, the idea we call light ; the particles of the other 
medium exciting, by impulſe on the organ of hearing, the idea 
ve call found. But as a bell will not of itſelf begin thoſe vibra- 
tions by which the air is agitated, nor continue with equal in» 
tenlity the vibrations, when once excited, without the concur- 
Tnce o: ſome mechanical cauſe; fo neither will the ſun either 
beam or continue his vibrations, by which the fuppoſed zther 

put into motion, without a fimilar mechanical agency. 
in aſcending from effects to cauſes we muſt ever arrive, upon. 
wizever hypotheſis we proceed, at ſome firſt cauſe, which 
Ws not admit an explanation from mechanical principles; this 
b evidently the caſe in the preſent inquiry. On Newton's 
luppotition, the cauſe by which the particles of light, and the 
Wrpuſcles conſtituting other bodies, are mutnally attracted and, 
ſpelled, is uncertain. The reaſon of the uniform diffuſion of 
L A. | tir. 


cept ng the ſolar rays, the fire inftantly reſumes its natural ſtate 


ſolar rays are the principal cauſe of heat; but that they only 
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þ! fire, of its vibration, and repercuſſion, as ſtated in Boerhaave's It 
| opinion, is equally inexplicable ; and in the laſt mentioned hy- tow! 

| Potheſis, we may add to the other difficulties attending the ſup. ain 
9 poſition of an univerſal æther, the want of a firſt mover to make ny i 
(} the fun vibrate. } I 

[1 Thus we ſee, that in every hypotheſis there are difficultics : WM im 
m1 for my own payt, I think much is to be ſaid for that of Boer. bar t! 
'q Hhaave but then the unimerſality of this fluid, which he ſup- eh 
4 [, poſed to be diſtributed throughout ſpace, this I wonld reſtrain jury fr 
4 to our globe and its dependencies, and ſuggeſt another fluid as WM tin 
' ſupplying its place in the celeſtial regions. J am unwilling to nb « 
| go beyond the limits of our habitation, for thoſe elements which 00d 
4 5 ſeem neceſſary to render it habitable ; and if we may ſuppoſe it vel 
1 complete in itſelf, with only one exception, which exception vas t: 
Þ is ſupplied from that magnificent fountain of light, the fun, I :d b 
b think we approach the neareſt to a juſt idea of the ler; adopted maus 
[ ſ by creative wiſdom. But though we ſuppoſe this fluid to be in WF piece 
| its natural flate, generally, unitormly, and tranquilly diffuſed ; WM ain! 
Þ yet when a number of bodies of various textures are immerſed WI omey 
# in it, it will, like any other fluid, prefer thoſe to which it is fre-p! 
1 beſt adapted, and which are moſt capable of attracting, of im- uſeful 
bibing, and of detaining it. Some will readily receive it, and vas)! 
5 cequally readily diſmiſs it (much as the phoſphoric ſtone we have it ton 
| mentioned, does with reſpect to light); others will not only h luſt 
| ſtrongly retain it, but will imbibe a much greater quantity of it, man i 
4 will faturate themſelves with-it ! and when thus drenched, as fame, 
| it were, and thoroughly replete with this element, they may t ma 
| affect the rays of light around them, may either attract and im- bre! 
| bibe them, or emit what they have already imbibed in very which 
large quantities, and thus render viſible the fire, by its effects be! 

upon light. For I think we cannot ſay of fire, it thines, ſhining {caves 
being excluſively the property of light; but we not only may, fr itt 
but mult ſay, that in many inſtances the preſence of fire is ma- MW. 
nifeſted by light, or that light is fo affected by fire, as to acquaint i out th 
| us of the preſence of its companion. —_— Ki 
1 On theſe principles may be readily granted, that ſome bodies what 
il are more combuſtible than others, that they more freely take fire, U cal 
8 are capable of greater degrees of heat, hold heat longer, and ways 
5 | many other particulars. | 170 = Kt: 
N We advert now to ſome of thoſe effects of fire, which es ot 
i © qwhether they are deduced from one hypotheſis or another, are Ihe 
in claimed by each as favourable to itfelf ; and which are ſo evident 4 netrab 
WO and conſtant, that none can contradict or deny them, or expect begin 
. to eftabiiſh any ſcheme to which they are oppoſet. t6. that a 
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It is uſually faid,: there was a time when mankind had no 
knowledge of fire (and a very ſtrange ſtory is found on the ſub- 
ect in Vitruvius); it is certain, that the human body is natu- 
nily ill fitted to ſupport too much of this element. It is ſaid 
BOERHAAVE thought half the diſorders of the ſpecies aroſe 
om too preat a proportion of warmth ; and we well know, 
that thoſe expoſed to the moſt rigorous ſeaſons, are neither the 
lat healthy, nor the ſhorteſt lived; they receive little or no in- 
jury from cold only; the viciſſitude of the weather ſeems to be 
their greateſt enemy. As it was impoſſible that a perſon ſhould 
mb with any violence, and for any continuance, two pieces of 
wood together without producing heat (perhaps I might ſuggeſt, 
5 yet ſimpler, the very rubbing of his hands together), if this 
vas to him an agreeable ſenſation, he might eaſily continue it, 


W —- 


max Indians, in North America, who, by whirling rapidly a 
piece of wood, by means of a thong, excite flame in other wood 
zainſt which it turns One might purſue this train of thought 
bmewhat further, might aik, whether this ſuppoſed original 
fre- producer conſidered his acquiſition as a friend or a foe, as 
uſeful or hurtful : was he (as it is ſaid the inventor of gunpowger 


— — ———_—— 4 TTY” yer — 3 


Ht w# „ 


WM 


ages) the victim of his own diſcovery, or did he happily apply 
eto moderate the rigours of winter, and to cheer, with ſpright- 
18H | jufire, the heretofore gloomy habitation? A word by the bye; 
JJ nan is the only being upon earth capable of producing fire (i. e. 
8 


tame, flame is ignited vapour); and the only which knows how 


yo maintain it when he has got it: for though many animals 
- doe ſheat, and the oran-outanes in the woods ſurround the fires 
ll Vuich the negroes have left, and enjoy their warmth ; yet they 
be not ſenſe enough to prolong the fire, by bringing fticks or 
I {caves to maintain it, though they ſee the negroes do fo, but ſuf- 
BH {fr it to expire contrary to their wiſhes, Fits 


We have ſuggeſted that fire, like air, is diſtributed through- 
but the globe: like air it is probably extremely elaſtic; and alſo 
extremely penetrating. That it is elaſtic, I think, appears from 
What we have ſaid of the elements air and water: theſe are high- 
lf caſtic in certain cireumſtrnees, but theſe circumſtances al- 
Ways imply fire; fire therefore ſeems to be the cauſe of their 
claſticity ſurely not without being elaſtic itſelf. As to its pow- 
eis of penetration, they very far exceed thoſe of air and water. 


letrable to air, and to water, but not to fire. Obſerve: how they 
begin to be warmed, when the fire in the grate is lighted; as 
lat augments they are heated; and in proportion to the vivaci- 


md by friction excite lame; this is done daily among the Eſqui- 


The poliſhed marble ſides which 2dorn a chimney; are impe- 
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ty of the fire, and to their expoſure to its influence this heat pe- | 


Netrates them, to any ſuppoſable depth. 


To penetration we muſt add (fy ſome) a corroſive quality, 
whereby like certain aeids (aqua fortis, &c.) it conſumes what il 
ſeizes ; while others think that an intimate and general penetra. 
tion, muſt needs tend to a ſeparation of the parts of any ſubject | 


Tnus water penetrates ſome kinds of clay, till they becomecrucmb. 
ling and rotten; ſha}l we ſay it has the ſame effect on wood: 


W hat hinders. our ſurmiſing that fire penetrates fo rreliftivly, 
as to perform pany what to other elements requires time, and 

zut obſerve, that though. fire in exceſs may be 
thought to conſume all things, yet in moderation its effects vary; 
ſome it melts, others it hardens, according to what principles 
abound in the ſubject. Its general endeavour ſeems to be, to] 
looſen ali things, to uncombine every combinatiou, and to re- 
turn the elementary particles to their proper elements, by diſ-E 
ſolving the bond which held them together. By fire, metals 
quit their principles, and by calcination become earths or 


repetition ? 


glaſſes; earths become powders, or run together into fluidity, 


The principles of vegetables and animals are diſtributed by fire; | 
earth has its ſhare; ſo have air and water: in general, whatever | 
fire can thoroughly penetrate, it alſo divides and ſeparates into 


' 


as minute parts as poſſible. | 


J hat kind of fire we are commonly acquainted with, will | 


not burn withont acceſs of air; we obſerved formerly, that pure 


air revived flame; and the proportion of this in atmoſpheric air 
may well be thought to feed it. Alighted candle quickly expires $ 
under the exhauſting receiver of an air-pump, becauſe it quickly 
conſumes that portion of air which is adapted to its maintenance 
and ſupport. Ihe ſame effect invariably attends the excluſion 
of air from any Kind of fire, large or ſmall. On the contraty, 
fire is greatly animated and invigorated by freſh ſupplies of ait, 
becauſe it receives the influx, as well of what fire the air contains 


as of that purer kind of air which is ſo greatly its friend. This 


clearly appears in the effects of the blow-pipe, at the enamellers F 
lamp; but the humbler inſtance of the common bellows proves 


the point. 15 6 f Ps 

A very remarkable property of fire, is the expanſion which it 
communicates to bodies containing it; this is evident in an iron 
bar, or heater, and when it was the faſhon to keep tlie tea- urn hot 
by introducing a heater, the dilation of the heated iron was an 


object of familiar remark. The ſame iron which when coldpal- } 
ſes through a given aperture, when red hot exceeds thoſe limits 


and rctuſcs to paſs. This dilation, or ſpread of the parts of : 
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les, which invariably occurs, whether a body be hard or ſoft, 
cht or heavy, may perhaps be eſteemed the moſt certain proof 
« the preſence of fire, and ſerves to mark its variations within 
certain limits: it enſues as well from the heat occaſioned by the 
impulſe of the ſolar rays, as from that of common fire. Dr. Long 
mentions his havingexpoſed a large ſlab of marble in the ſun- ſhine 
during the heat of the day, then ſuddenly throwmg a great quan- 
tity of cold water upon it, it was found, by meaſurement, near 
half an inch ſhorter in its cold, than in its heated ſtate. This 


elect of fire is notorious to all engaged in the more delicate parts 


ofclock and watch making, inſomuch that it is nece ſſary to cor- 
ect the too great expanſion of one kind of metal, by accompa- 
ying it with, another kind of metal, leſs ſuſceptable of the influ- 


cw 


ence of fire. | 


There is ſomething extremely entertaining in the inſpection 
ofa Pyrometer, or inſtrument for meaſuring the degrees of fire; 
and by this inſtrument we find, as indeed might be expected, that 
cloſer grained ſubſtances, ſuch as metals, are moſt expanſive ; 
while thoſe more porous, ſuch as woods, are little dilated. 

ut both metals and woods have naturally their portion of fire, 
which is ſuppoſed to enter into their compoſition in a compact, 
condenſed, fixed ſtate; whereby moſt, it not all its properties 
xe concealed from us; and (as in the inftance of air, &c.) we 
ſhould not ſuſpect its preſence, till upon reducing the ſubject to 
its principles, we find effects not to be accounted for without it. 

Of itlelf, in its natural ſtate of uncombined expanſion, fire 
i not eſteemed capable of ſhining, or burning; but when che- 
mically conjoined with other principles of bodies, it conceives 
ad continues thoſe motions by which bodies are made to burn, 
to conſume away. All bodies are more or leſs ſuſceptible ot 
combuſtion, according to the quantity of this latent fire which 
enters into their compoſition, or the degree of force with which 
t adheres to them. In the act of burning, and very probably 
during the fermentation, and putrefaction, and chemical wolu- 
bon of various bodies, it recovers its fluidity, is en pended and 
diſperſed into the Air, or combined anew with ſubſtances to 
which it has an attraction. | | cc OR 

The inftance of ſulphur is the cleareſt I know ; I nee not en- 
ber vour to prove, that burniag ſulphur emits a powerful vapour, 
dtenfive to the ſmell, and to the lungs ; every lighted match de- 
monſtrates the poſition. This vapour collected, is the vitriolic 
Xi; but this acid is itſelf incapable of combuſtion, and rather 
cxtmeuthes than promotes flame in other bodies.” Soinetfing 
/c, therefore, enabled the lulpaurito burn; but what ?'no!athes 

remain 


Pg 
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remain, nor ſoot.— Charcoal burnt taints the air with an offen. 


of ci 
five ſmell, but yields neither watery vapour, nor ſooty impurity; ke 
a few white aſhes are all its remains, and theſe are incapable of ven. 
burning; what then enabled the charcoal to burn? Some me- Fire 
tallic ſubſtances burn bright, others moulder away rather than ha 
burn; moſt of them, when in the open air, ſubmitted to the ac. i pre 
tion of fire, loſe their metallic appearance and become earh? WM ni: 
There was then ſomething which was ſo combined with ſuch %. 
earths, and had ſuch effect upon them, as totally to vary their WM i 
appearances ; this ſomething, is thought to be the inflammable WY Mor 
principle, or fire; this latent fire is never viſible alone, yet is ever WM © 
powerful in combination. Latent fire was formerly known by the WW bb. 
name of phlogiſton: but is lately conſidered as greatly, it not fte, 


ſolely compoſed of pure, or inflamable air. It is natural to WM "i: 
enquire, reſpecting certain metallic earths (which nobody indeed WI and! 
would conceive by their appearances to be metallic), whether WM bet 


they can be reſtored to their metallic forms ?—The anſwer is, de 
Yes, with little trouble. The earth of lead, expoſed to a ſtrong de 


3 fire, in conjunction with any body or ſubſtance replete wih bs! 
{phlogi/ton , the principle of latent fire, will deprive that body ell! 
of its principle, will aſſume it itſelf, and regain all the properties ly he 
and appearances of lead. And this it will do, whether ſuch ſub- bear 
ſtance belong to the animal or vegetable kingdom, whether it be BN 
charcoal or fat, or any combuſtible ſubſtance whatever. The WI ** 
charcoal, &c. will become as if it had been burat. By the WM... 
fame proceſs, by the union of this principle to the acid ob- 3M 

wie 


tained from fulphur, a real ſulphur may be re-produced: MI © 
 Thefe inſtances may ſhew the actual exiſtence of ſuch a prin- ſup 
ciple, and ſuggelt its innumerable combinations. Whatever we WI *** 


N examine, admits more or leſs of this ingredient; metal is not 2575 
metal without a portion of fire, neither is fleth fleſh, nor a plant Wl © 

a plant, nor water water, nor air air. Fhere ſeems to be but one np 
fluid independent of fire, and which perhaps is the great agent in W "A 
producing every, effect, I mean LIGHT; which yet has ſuch f- 75 
finity, or atttaction to fire, that to mortal eyes they appear the W * 
fame ; only diſtinguiſhed and ſeperated by thoſe, who having 0 5 
occaſionally diſcovered them apart, have been induced to examine 15 
them under various forms, have traced them through various dil- = .. : 

_ guiſes, and at length have proved them eſſentially di ſſerent, and = :.. 
in many reſpects diſſimilar. Che 35 NP - 
There is not infrequently a kind of jealouſy where art is ex- Ro 
bibiting its performances: the mind naturally ſuppoſes the artilt I Bag 
takes every precaution to infure the ſucceſs of his experiments, 5 


a 77 


and fancies that to ſuch and ſuch peculiarity, perhaps Hane Y 


THE ELEMENTS. . 81 


of en much of that ſucceſs is owing; I fay, upon 
iicult ſubjects, ſomewhat occult is often attributed to manage- 
ment; let us hear what ſimple nature ſays on the ſubject of fire. 
5 18 produced ſpontaneouſſy from ve getallles: from hay, for 

tance, formed into a ſtack without being properly dryed, for 
properly drycd i.e. if totally deprived of water, it would re- 
main ſecure from e fire. Some water therefore ſeems ne- 
ory to produce ſire; but too much prevents it. Auimal ſub- 
ſtances, laid on heaps have been oblerved to take ſire; M. 
Montet reports, in the © Hiſtory of the Academy Royal of Sci- 
ences, 1776,” that ſmall , calied imperials, kept in heaps, 
took fire of themſelves. Of ſuch advances toward faking 
fire, as may be evidently ſenſible by heat, many inſtances occur: 
The heat occattond by fermentation, by putreſcent dunghills, 
and many other articles, is notorious. In eee we obſerve 
that under ſome ſh ape or other more or lets 9;fture (i. e. water) 
i neceſlary, and that ſubje*!s whoſe e principles are moſt 
aqueous, are moſt apt to be heated. Paper, which we know, 
bas been linen, and undergone much workmanſhip,” yet when 
wei] wetted and laid together in a heap, it will become exceeding- 
ly hot, fo that, as my | copperplate printer tells me, he can hard y 
bear his hand on it. As to mineral ſubſtances, many of them 
may be ſaid to be greatly compoſed of fire; g̃ ve them but acceſs 
ak water, and we hall preſently behold a conflagration. 

« Mr. Lemery, as far as I have been able to learn, was the 
ir perſon who illuſtrated, by actual experiment, the origin of 
lubterraneous fires. He: mixed twenty hve pounds of p:wdered 
alf haun with an equal weight of ien lings; and having kneaded 
the mixture together by means of a little water, into the conſiſt- 

ence of a paſte, he put it into an iron pot, covered it with a cloth 
aud buried the whole, a foot under ground. In about eight or 
tine hours tine the earth ſwelled, grew warm, and cracked; 
hot ſulphureous vapours were perceived : a flame Which Gilated 
tie cracks was obſerved ; the tuperincumbent earth was covered 
vith a yellow and black pon der in ſhort, a ſubterraneous fire, 
ſrodueing a volcano in miniature, was ſpontaneouſly lighted up 
from the 1 reciprocal actions of ſulphur, iron, and water.“ 

« It has been obſerved, that large quantities of the materials 
ae not requiſite to make the experiment ſucceed, provided there 
be a due proportion of water: half a pound of ſteel filings, half 
pound of flour of brimſtone, and iqurteen ounces of water, - 
4 when well mixed, acquire heat enough to make the maſs 

a e Ire, 2, 
© We are told by good authority, that one Wilſon at Elan 
n Vortſbire about the year 1664, or betore, had piled up in a 
M barn 
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called by the colliers, [ uſually ſeparated from coal, ] for ſome ſe- 
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82 PROPERTIES OP | 
barn many cart loads of the pyrites, or braſs lumps, as they were 
cret purpoſe of his own.: the roof of the barn happening to be bad, 


the pyrites were wetted by the rain: in this ſtate they began to 
ſmoke, aud preſently 790k fire, and burned like red hot coals.” 


We have an account, in the Philoſophical Tranſactions for 


1693, of a covetous maſter of a copperas work at }hitfable in 


Kent, who in order to break his neighbour's work, had engroſſed 
all the Pyrites or copperas-ſtone in the country: he built a ſhed 
over two or three hundred tons of theſe ſtones, to keep off the rain. 
In the ſpace, however, of ſix or ſeven months, the maſs (being 
probably wetted by the moiſture of the atmoſphere, or by the rain 
which, notwithſtanding the ſhed, might have fallen upon it) 
took fire, and burned for a week; it quite deſtroyed his ſhed, and 
diſappointed all his hopes of profit; for the pyrites was in part con- 
verted into a ſubſtance like melted metal, and in part it looked 
like red- hot ſtones: all the ſulphur was conſumed, and theneigh- 
bourhood was miſerably afflicted by the noxious exhalation which 
it ſent forth. „„ 1 

There are ſome ſorts of earth from which allum is made, which 
abound ſo much with pyrites, that the proprietors of the works 
are forced to keep them conſtantly drenched in water, in order 
to prevent their taking fire. But it would be uſeleſs to purſue this 
ſubject further; we have adduced proof ſufficient, that nature fur- 
niſhes materials, which may become the occaſion of ſubterraneous 
fires. The requiſite circumſtances are—a proper quantity of the 
materials, a proper portion of water to moiſten them, and per- 
haps a communication with the air. A ſmall quantity of the 
pyrites is ſufficient to kindle a fire; water is almoſt every where 
found in ſuch great plenty below the ſurface of the earth, that it W 
conſtitutes one of our greateſt impediments to finking pits of : 
any great depth; and air, if it ſhould be thought abſolutely ne- 
ceſſary to the ſpontaneous firing of the pyrites, may be conceiv- WM 
ed either to accompany the water in its dripping, or to deſcend W 
into the innnermoſt parts of the earth through the fiſſures which I 


are found on its ſurface. 


Theſe inſtances of ſpontaneous fires ariſing from minerals, 
naturally remind us of the danger to which we are perpetually 
expoſed by ſimilar combinations. In fact, they often have o. 
curred ; veſtiges of ſubterraneous fires are every where around 
us; they often are occurring, and I think I may venture to ſay, 
they would occur more frequently, were they not re/trained. W 
There ſeems therefore little occaſion to doubt the poſlibiiity of . 
that general conflgration of which we are forewarned ; there * 3 
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ſo many prediſpoſitions toward it, that mere permiſſion alone 
ems wanting to excite them to action. Some have ſuppoſed 
that deep in the earch fire has its principal reſidence ; that there 
is the ſcat of this element; which from time to time diſpatches 
its agents, and burſts open raging volcanos, ſpreading deſtruc- 
tion over the labours of man, or raiſing iſlands from the bottom 
of the ocean, and compenſating its ravages, by offering new 
ſettlements for habitation. But theſe are puny efforts, com- 
pared to what this element can perform; when the deſtined pe- 


riod arrives, when the dread commiſſion is given, it ſhall burſt 


the reſtraints which have ſo long controlled it, ſhall awake its 
fury, and ſhiver this terreſtrial conſtruction into ruin. Regard- 
leſs of this beautiful frame of nature, its majeſty and grandeur, 
ts delicacy and finiſhing, its aſtoniſhing inſtances of omnipotent 
wilom and power, —theſe it ſhall waſte with devouring rapi- 


dity: who then will regret, that human productions periſh in 


undiſtinguiſhed deſtruction, that what had been the delights of 
the ſons of men are conſumed, that their pomp, their pride, 
their emulation, their magniticence, are all—all, annihilated by 


&youring FIRE ? 


Or LIGHT, and OTHER FLUIDS. 


WE have treated on thoſe principles, which, from their com- 


bination with, and their ſhare in the formation of, all ſenſible 
0jects on this terreſtrial planet, are denominated ELEMENTS, 
air, Water, Earth, Fire, whoſe influences are extenſive, in- 
mate, and indiſpenſable ; we trace with certainty their effects, 
ad ſuffer no doubt of their powers, though many difficulties 
impede our knowledge of their modes of action, or the ſprings 
ad movements, which, by their means, produce ſuch effects 
is daily occur around us. It remains now, that we ſuggeſt a 
few remarks on principles no leſs intereſting, though leſs fre- 
quently the ſubjects of our attention. 5 | . 
We have found reaſon to ſuppoſe, that of the four elements, 
rec were fluids; and indeed fluids, by their mutability, ſeem 
well adapted for general diſtribution and uſe; as their equili- 
rum, or ſtate of ref,” is without difficulty diſturbed, their 
== # courſe 
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courſe is more eaſily directed, and when the impulſe which ac. 
tuates them ceaſes, they more readily return to that quieſcent 
fate which is natural to them. It muſt, however, be admit- 


x13 bt 
0 pol 
lie, t. 


ted, that by this very circumſtance they are greatly concealed WM W! 
ſrom our inſpection, and our acquaintance with them is very bos, 
much impeded, and very inadequate. | Fs 

Beſide the elementary fluids already mentioned, I wiſh to intro. bonn 
duce a few words on that, which is uſually termed the Macy. WM ic 
TiC fluid, becauſe firſt indicated by its connection with the magnet, 13 nc 
or loaditone, though now diſcovered to affect iron and Reel uni- (it: 
verſally, and to abound wherever we have carried 6ur reſearches. WM front 

Ie natural magnet, or loadſtone, is a kind of ore of iron, Ma 0! 
which has been in all ages famous for attracting pieces of iron ich 
at {mall diſtances, and by ſuch attraction ſuitaining proportionate WM tion f. 
weights of that metal. LHALES, amazed at fo conſtant an ef- of ſew 
fect, thought this ſtone had a ſoul. This moſt obvious proper- WM ir it 
ty of the loadſtone, of itſelf ſufficiently embarraſſing and inplex- ben! 
plicable, is but the ſign of a power infinitely more aſtoniſhing ; WW jc 
in fact, this ſubject is a ſtriking proof that nature has ſecrets, and An 
that philo:ophy, if contented with preſent knowledge, foregoes WM jl:cs : 
molt valuable and intereſting diſcoveries, toward which, perhaps, WW (vcr 
the previous ſteps are already trodden. About the cloſe of the dal 
eleventh, or beginning of the tweltth century, it was obſerved, bon u 
that when the loaditone enjoyed free motion (as when ſwimming d rc 
on a piece of cork in a bafon of water), though its direction lance: 
might be diſturbed by the moſt rapid whirl, yet it would recover WW E 
the poſition it had quitted; always pointing its ſame end to the ks an 
North. | | __ Fa8 

Experiment diſcovered, that the qualities of the magnet might WW po!ici: 
be communicated from the natural ore to iron in general; and WW ian 
that when ſmall bars of ſteel (called needies) were brought into WW ti: hir 
contact with it, and properly rubbed upon it, they acquired theſe Vue 
virtues in very conſiderable degrees. This operation was called 8 vrch 
touching; and hence originated the mariner's compaſs; an in- WW ty 
vention, by which the intercourſe of mankind is inconceivably WW i: 
promoted, which, by giving ſcientific ſupport to courage and WW chm 
{kill, has done more at a ſtroke toward including all nations in Wl tic m. 
one family, than all preceding ages, and all the endeavours of Hatt 
their philoſophy or learning could accompliſh. Is it aſked, by Wl // {: 
what means we ſurround the globe? how we dare venture on 8 "is 0 
unknown coaſts, and how we diſcover our ſituation, wherever ey b 
laced of the face of the earth? We anſwer theſe, and 1 time, 
thouſand other queſtions of ſimilar import, by a reference to the : Cre a 
compaſs. If we ſpeak of immenſe continents degree 4 kong 
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ras by the aid of the compaſs; if we mention voyages from pole 
o pole they are performed by direction of the compaſs : the 
le, the fecurity, the perfection of navigation, —is the compals. 

hen the prodigious utility of the compaſs became generally 
known, nothing could be more natural, than to enquire on what 
rinciple this conſtancy of the needle depended, and whether 
on might not he magnetic in other ſtates beſide that of ore. 
The reſult of ſuch enquiries has been a conviction, that the 
raciple of magnetiſm is generally diſtributed, and that iron 
ther poſſeſſes or acquires it, long after it has been ſeparated 
fom the mineral, and wrought into houſehold utenſils. Scarce 
zpoker, or pair of tongs, which are not conſtantly in uſe, but 


wich (as in parlours) are ſuffered to remain in the ſame ſitua- 


ton for at any time, but what is magnetic: out of every paper 
of ſewing needles, many are magnetic. This is eaſily proved; 
for if tney be tried, ſoine one will be found, which attracis and 
wen raiſes up its neighbour, and ſometimes one ſhall poſſeſs 
power to raiſe up ſeveral, hanging one below another. 

Aneaty experiment acquaints us of the preſence of magnetiſm : 
place a tew needles very gently on the ſurface of a baſon of water 


(wacre they will ſwim) and taking a needle, or poker, &c. gra- 


day bring one end of it very near the floating needles; a mo- 
ton will ſoon be diſcovered among them, either of advancing or 
a receſſion, more or leſs conſiderable, according to circum- 
ſances. | | 

Every bar of iron, or every needle, fo far as it is magnetic, 
las an abiding inclination to point north and ſouth ; and its ends 
re reſpectively denominated north and ſouth poles. Theſe poles 
Picis an attractive, and a repulſive power: the north pole, for 
lance, draws io itielf whatever of iron or ſteel is not beyond 
/itoexch other, ſo that the north pole of ons be directed to the 
lorth pole of the other, a repulſe will enſue, and they will mu- 
taal,y refuſe to unite, This quality is accounted for, by ſuppo- 
in, that there exiſts in nature a fluid which has a peculiar at- 


achment to iron (excluding other metals) and which runs along 


tie magnetiſed needles, entering at the ſouth pole, and pouring 
Hat the north pole; confequently the oppoſition of two pourings- 
Vas ſuppoſed above) mult ocgaſion a repellent force. This flu- 
lis one of the moſt delicate we are acquainted with; a magnet 
My be {trengthened, if rubbed the right way for a conſiderable 
ime, by another as weak as itſelf, and this continued will pro- 
dure a very ſtrong magnet: whereas, a few rubbings drawn the 
Nog way will totally ſpoil it. A few ſtrokes of a hammer, 2 

| ; | cr 


tix limits of its attraction; but if two magnetic needles be p 
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der certain circumſtances, will ſpoil a magnet, and in ſhort, ve 


ry trifles greatly affect magnetic needles. 


We have in the Philoſophical Tranſactions, an account of HF 
reverſion of the magnetiſm of a needle, ſo that the north pole of : 
a compaſs on board a veſſel, pointed ſouth, after a thunder ſtorm Rt 
to the no ſmall ſurprize of the captain and people on board a ſh;fl 
in company, Whole compaſs remained unaffected ; who beheld 
with wonder their conſort ſteering back to the Weſt Indies, in 
| ſtead of continuing her courſe for England. So great an effect i 
rare; though ſmall errors or variations of the compaſs, occaſioned 


by thunder- ſtorms, are not unuſual, 


When we ſpeak of /e variation of the compaſs, we underſtand 
A certain regular rotation, which in a ſeries of years performs} 
a revolution; for though we ſay a needle, properly touched 
points a little to the eaſt, or a little to the weſt ; its extremes off 
declination are indeed a good deal to the eaſt or to the weſt, ex- 
ceeding twenty degrees in ſome places; for this variation is at- 
. tended with theſe circumſtances, (1) It is not the ſame two years 
together in the ſame place, but gradually maintains its progreſs 
eaſtward, or weſtward, according to which way it is going; till 
having reached its extreme, it gradually returns. (2.) The de- 
gree of variation is not the ſame all over the globe; but in ſome 
places, in the ſame latitude, it varies; as on the different ſides of an 
iſland, iſthmus, &c. (3.) Summer and winter have been thought! 
to have ſome effect on this variation. (4.) Some perſons think, 
that a very ſlight variation of this variation takes place, even in the 
courſe of a day, and that at midnight a needle does not point pre- 


ciſely where it pointed at noon. 


The foregoing variation of the needle is always Harizontal, but 
the ncedle has alſo another motion, whereby it ſeems as if its 
northern pole was the heavieſt ; ſo that this part of the inſtrument Y 
dips, as It 1s called, toward the earth, and the other part requires 
a counterpoile, to preſerve a perfect equilibrium. This dipping 
varies alſo in various latitudes, and has been the ſubject of much 


ingenuity, though I believe of little practical advantage. 


It would be eaſy to add much that might employ our time were 
I to introduce {ſuppoſition and hypotheſis I ſhall only hint, that Y 
ſome have thought the earth itſelf to be either one large magnet, or 
to contain a magnetic globe looſs within it, whoſe poles varying 
from thoſe of the earth, occaſion a correſpondent variation in the 


needle; but perhapswe mayequally juſtly imagine, that the mag- 


netic fluid is rather ſuperficial, than deep in the earth, and is either} 
furniſhed by the earth, orcirculated over its ſurface, in continual 


ſtreams and currents, not totally unlike the trade winds, though 
| in 
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4 2contrary direction. How many other fluids may be eireula- 
ing around us, we know not: I think there are indications of 
more than are uſually ſuſpected, and perhaps time may diſcover, 
that their influences are not inconſiderable. 2, l 
As to the ELECTRIC fluid, I frankly dnn I am at a loſs under 
mhatdeſcription to arrange it; whether as diſtin from others, 
or wheiher as a peculiar modification of the element fire, which; 
trouzht into a ſmaller compaſs than it naturally occupies, has 
is cuſtomary effect upon light, and becomes viſible by ſhining; 
[ſhall juſt remark of it, that its diſtribution is general, that its 
reſence (as diſcovered by proper inductors) is perpetual, that it 
kems to be in conſtant motion, and fluctuation, ſcarce maintain- 
nga ſtate of reſt, for an hour; that all objects have their ſhare of 
5 that objects affect it from a diſtance, that when objects have 
do little of it, they attract a quantity from thoſe which have too 
nach, in order to maintain an equality; that it ſeems neceſſary 
TJ vitality, that it is capable of being collected in very large quan- 
ties, that then it may be made to perform moſt, if not all, the 
SY operations of common fire; and that, when collected in quanti- 
es beyond human ability, it is capable of irreſiſtible effects; 
unets lightning, earthquakes, &c. How far theſe particulars 
zree with our idea of elementary fire, I ſubmit to obſervation : 
any adding, that if it be ſo cloſely allied to one of the elements 
wich enters into our compoſition, there is no occalion to won- 
fer that, when medically uſed, it ſhould produce ſurpriſing and 
beneficial effects, ſuch as reſtoring feeling, &c. to limbs ſtruck 
by the palſy, or other diſorders. On this ſubject, I recollect an 
nltance of a young man, who, by bathing when violently heated, 
loft his pcech ;—after many months of dumbneſs, while attending 
me electrical experiments, he accidentally received the ſhock 
i a very highly charged apparatus, which though it knocked 
in down, and deprived him of ſenſe for the time, yet being taken 
are of, he recovered his health, and alſo the next day the uſeof 
lis ſpeech. When he was heated, did the cold water deprive 
um of that portion of electric fluid neceſſary to perform the 
"ery requiſite to ſpeech; which the apparatus afterwards 
Rltored ? FL | + | , | 


be fluids we have hitherto noticed, ſeem appropriate to out 
obe; this ſeems to be their reſidence, their abode ; we perceive 
e 


tem by their activity, their effects, their influences; and yet 
e find reaſon to ſuppoſe, that their nature is rather reſt than ac- 
ty: what then is that which excites them to motion? Is there 
dne univerſal agent whoſe directions they obey, one prime (me- 
Uanical) cauſe which determines their courſe, which 1 

8 them 
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them to action by its preſence, which if withdrawn, their ac 


This idea had at one time many voices in its favour, and its i 
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tion ceaſes? If there be ſuch a general regulator, I think Liu 
feems to anſwer the character: a fluid inconceivably minute i 
its parts, aſtoniſhingly rapid in its progreſs, and of powers beyond, 
comprehenſion: ſome of its properties we {hall conſider, as the 
appear to us; whether they will prove its univerſal agency, I df 
not determine. | 8 1 1 

We had occaſion in our laft diſcourſe, to ſuggeſt various opi 
nions in relation to the element fire : which by moſt pinloſopher 7 
has been (as appears to me,) tooo much confounded with light M 
one of theſe opinions ſuppoſed, that light was merely a particu 
lar motion propagated by vibrations, through a ſubtie ztherf 


milarity to the principles of found ſeemed much to recommen@ 
it; but the properties of light with reſpect to colours, to infection 
and refraction, ſeem clearly to evince its being rather a materia 
ſubſtance emitted from luminaries; which though it paſſes tran{M 
parent mediums, is repelled or ſtifled, or abſorbed in part, bi 
opake bodies. | | 

We regard the ſun as the ſource and principle of ourlight ; peri 
petually diſtributing from its ſurface millions of particles extreme 
Iy ſmall, extremely elattic, and extreme!y rapid. 


1 


3 


The particles of light are extremely /mall ; to prove this, : uy : 
ſhall not have recourſe to calculation, or tell you they are leſs tha 3 
the 7welve millionth part a grain, becauſe the mind finds no lei mach 
difficulty in conceiving ſuch minuteneſs, thay, in conceiving of 0H q 
abſtract terms; but I ſhall aſſume, that we ſee objects only bn 
the light they reflect to our eyes. Let us fix this well in ou 3 
minds; the rays of light rebounding from objects, enter our eye A h 
and there inform us of the preſence of thoſe objects, their formal... 
colours, magnitudes, &c. Let us inſtance this; in a room w 1 A 4. . 
behold the tables, the candles, the company, tne ornaments i chess 
it, a multitude of particulars on either hand, a multitude of; not u 
rious colours and forms in very diverſified combinations : 4 1 "ab 
this we perceive at one ſingle glance; that is to fay, rays fro } 1 
every one of theſe objects, their diviſions and ſubdiviiong "= 1 
enter without contuſion into fo ſmall an aperture as the pupil 1 finite 
the eye. I hat we igt diſtinguiſh the letters in a book held clo 4 eve); 
to the eye, is ſuppoſable: but that we ſhould equally well diſcer 5 "oth | 
every fold in a dreſs, every ſtripe in a ribbon, and the very c on,; 
lours and forms of the figures in a drawing on'the wainſcot, aun tho 
plies wonderful fineneſs in thoſe rays, which theſe minute objech ls 
tranſmit to the eye. If, in the day time, we advance to the wing a p : 
gow of a room, we receive rays from innumerable objects; aue. 


1c 
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ets ; we look down a long ſtreet, we ſurvey every houſe, every 


- 
Let imagination tranſport us to ſome lofty mountain's brow ; 
below are fruitful meadows, wherein we diſtinguiſh every tree 


gs at work, we fee the courſe of a river, the country beyond it, 
niles after miles, till the ſea cloſes the view, and juſt on the 
[0:17.00 up pops the malt of a veſlel, with a flag upon it: theſe 
wediltinguith with the naked eye: now apply to a teleſcope ; 


many parts which are too ſmall for diſtinct viſion by the unaſſiſt- 
dcye; but if we view them through the glaſs, we ſee the form 
af the flag, and even the croſs upon it: from this crols then di- 
ſerge rays of light, and theſe rays reach the glals, eiſe we ſhould 
ot lee the objet. If we combine theſe particulars, we cannot 
ut acknowledge the very amazing minuteneſs of thoſe rays, 
mich are able to paint all this within the dimenſions of a qu ar- 
rot an inch, or leſs: what then ſhall we ſay, when in re- 
krence to the moon, we reflect, that rays from an object two 
houfand miles in diameter enter the eye without confuſion; or 
the ſun whoſe dimenſions are millions; or to the heavens, 
"ict are inexpieſſibly extended; yet from their ſtellar fires — a- 
wwe—to the right to the left, what prodigious ftreams of light 


nk we may juttly forego any meaſurement of the particles of 
vat, either by dimenſions, or by weight ; and yet I doubt not 
ey have both, and both have perhaps very ſenſible effects upon 
5; the wear out our eyes, The light which falls perpetuaily on 
ur eyes, in a courſe of years, perhaps abrades the retina, or cor- 
bes it, even ſuppoſing they are not particularly expoſed to its 
Weds 3 but in ſome buſineſſes which require very ſtrong light, it 
$10t uncommon to find their profeſſors very early in lite compiain 
the dimneſs of their ſight. | | 

| ſaid alſo, that light is very ela/tic ; that being thrown 
Faint any object, it rebounds like a ball from a wall, but with 
Mnite]y greater velocity: this appears f.om what we have been 
Wegeiting z whence come the rays which, when we are on a 
nountain's brow, ſhew us the trees, the coppice, the dwellings 
vow? Whence come the rays which the diſtances direct to us? 
"thoſe which render viſible the veſſel's maſt, and its flag? Ori- 
dnaly from the ſun :; the ſun ſends them to the earth with vigour; 
al from whatever they ſtrike, they rebound to a very great diſ- 


ance, f 
R | I 


laenger, and we read the very figures on the church clock at 


nd coppice, every houſe, almoſt every tile; we ſee the labour- 


x2 not only fee the ſame things much ſtronger, but we allo fee 


ach, enter, and are tranſmitted into the eye! After this, I 
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I remember to have heard of a lady's obſervation, who ſtand- 
ing on the White Tower in London, through a telelſcope could | 1 
diſcern the ſparkling of a pair of diamond buckles, worn at that 
time, in Greenwich park: that is to ſay, the ſolar beams which | 


fell upon the diamonds, though refracted by them, and turned 
out of their courſe, yet were ſufficiently elaſtic to rebound, ſo as 


to be ſenſible, through a glais, at three or four miles diſtance. 


How much farther they might reach, is difficult to ſay. Is this 


ſurpriſing ? Let us recollect that the gliſten of windows from a 


houſe on a hill, in an evening, "__ be ſeen much farther : and | 
-what is this gliſten? it is but a very ſmall portion of light; for by | 
far the greater part which ſtrikes thoſe windows paſſes through | 


them into the rooms of the houſe. Nobody in theſe rooms per- 
ceives any deficiency of light ; but that trifling quantity which hap- 


pens to be repulſed from the ſurface of the glaſs, ſpreads all around | 
and becomes viſible to the eye even in ſtrong day-light, at many 


miles diſtance. How far may it travel ere its progreſs be totally 


ſubſided? Be it remembered, that when the eye does not per- 
ceive it a teleſcope will diſcover it, and a powerful teleſcope will 

notice it at a great diſtance. In fact, we may conceive that a very 
great number of rays thus reflected from equally ſmall points, en- 
able us to fee the moon, and the planets : the ſatellites of Jupi- | 


ter are indeed too remote to be ſeen by the naked eye, yet we are 


ſure they ſend us light; for if not how could a teleſcope render | | 


them vilible ? The ſame we aſſert of thoſe which ſurround Saturn, 
which are viſible only by powerful glaſſes, and in a tranquil ſtate 


of the air. I ſay, the light of the ſun ſtrikes them with velocity | 


ſufficient to rebound by its elaſticity from them to us, thouzh the 
diſtance be immenſe ! Need I ſay more? need I appeal to the 


Georgian planet, to its ſatellites, at twenty times the diſtance of 
the ſun from us? I rather think I may conſider the aſſertion as 


demonſtrated, and conclude that light is extremely elaſtic. 
The rapidity and velocity of light ſeems, I think, to follow from 


what has been hinted ; it is inconceivable that a ſlow- moving, 


heavy ſubſtance ſhould be thus elaſtic ; or that a particle, ſo very 
minute ſhould „Jeep in its paſſage. On the contrary, a particle, 


an atom, thrown from a body ſo vaſt in bulk as the Sun, mult | 


needs quit that body with alacrity ; and when by the rotatory 
motion of the Sun, its time is come to be whirled away, ſcarce 
the ſwiftneſs of thought can equal its rapidity. | 


The firſt demonitration of the paſſage of Light was gathered f 


from eclipſes of Jupiter's Satellites, after which many other proots 


were diſcovered. That which is uſually conſidered as the moſt ſurpri- 
ling, is what has been obſerved of the fixed ſtars, whoſe light } 
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is calculated to take up fix years in coming to us, and yet is ten 
thiuſand two hundred and ten times ſwifter than the velocity of 
the earth in her orbit, moving 592 millions 180,000 miles in an 
hour, or one hundred and ſeventy thouſand miles in one ſecond of 
time It is well for us that light is ſo very ſmall in its particles! 
for were it only one millionth part of a grain in weight, what 
miſchief would it not occaſion | wherever it fell, it would ſtrike 
with the force of a grain weight falling an hundred yards, which, 
on the tender coats of the eye, would be very injurious; and 
what ſhall we ſay to this injury ſo perpetually repeated, as light 
is admitted into the eye. „ 1 55 

Light always proceed in one direction; i. e. a right line from 
the luminary which emits it: this is eaſily proved by ſhadows, 
which are fo many interceptions of light, whoſe forms always 
correſpond to thoſe of their original, and to lines drawn direct 
from the luminary. But though light naturally proceeds in 
ſtrait lines, it is very ſuſceptible of the attraction, as well of 
denſer mediums, as of ſolid bodies. We have noticed the power 
of the atmoſphere, in attracting and inflecting rays of light, 
which continually increaſe their inflection the nearer they ap- 
proach the earth, becauſe the medium is continually increaſing 
in denſity : and this is conſidered as evidence that light is truly 
matter; ſince all matter is attracted by other matter, and feels its 
Influence. | | 

As a proof : we find by experience, that in proportion to the 
denſity of a body is its attractive effect upon light; hence the re- 
fracting angle of water differs from that of glaſs, and particular 
glaſſes differ from each other, There is no neceſlity for recurring 
to mathematical calculation in demonſtrating theſe principles 
(though mathematics inform us more accurately of their powers 
and limits); whoever will hold a glaſs goblet, full of hot water 
between his eye and a lighted candle, will ſee that the riſing va- 
pour apparently moves the ſituation of the light a little from its 
true place; then let him elevate the goblet, till he looks through 
the water at the light, which will be conſiderably diſplaced ; 
then emptying the goblet, looking at the light through the glaſs, 
ralle it, lower it, move it on one fide, then on the other, look 
through its ſolid ſtem; and it will appear, that the glaſs draws 
the rays of light ſo powerfully out of their courſe, that the real 
luminary, and that ſeen in the glaſs, are both viſible at once, 
lome inches diſtant from each other. 

Light is by ſome bodies received, and admitted, indeed, 
but ſo ſuperficrally and circuitouſly, that it becomes ſtifled, blunt- 
ed and deadened ; whereas other bodies permit it to paſs directly 
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through them, and theſe are tranſparent while the former ate 
opake We may conſider bodies in reference to tranſparency} 
and opacity, as compoſed (1.) of fimilar and homogeneous par- 
ticies, making one uniform medium of equal denfity throughout 


(ſuch are water, glaſs, and diamonds), poſſeſſing equable diſpo- 


-theſe, becauſe it ſuffers only one inflexion, in proportion to the 
denſity of the medium; to which having accomodated itſelf, it 


purſues the fame courſe hong the medium; which is thereby 5 
rendered tranſparent. (2.) But if a body be compoſed of various 
diſſimilar and hetcrogenecus particles, ſuch as metallic lamine, 
ſalts, earths, oils, water, &c. theſe being different in denſity, in $3 
diſpoſit ion, in pores, &c. light is fo twiſted, twirled, and harafi. 


ed in endeavouring to find a paflage, that it is totally loſt and ab- 


ſorbed ; does not pats through the body, nor is reflected from 
i Opacity then proceeds from the! 
windings of light, and che ſinuoſity and meandrings of the pores | 
of bodies, and from the irregular ſituation of their particles, 
Oil and water mixed are opake, though tranſparent ſeparately. 
Beer is tranſparent, but its bubbles are opake. Dry paper is 
opake ; wet paper is tranfparent ; becauſe the water interpoſed} 
between the particles of the paper fills its pores, and affords 


its internal parts to the eye. 


more direct paſſage to the rays of light. The moſt opake bodies, 
as wood or marble, are tranſparent when thin, becauſe they do 


not poſſeſs a ſufficient number of diforderly pores, to prevent the 


ligtit from paſſing in tolerable regularity. But the moſt tranſ- 


parent bodies (as glaſſes) do not tranſmit / the light which 
falls upon them, but a conſiderable loſs of light happens, by rea- 
ſon of what recoils upon its ſtriking the glaſs ; and this is found 
o teleſcopes, which, W 


to be an inſuperable difficulty in conſtiucting 


requiring ſeveral magnifying glaſſes, loſe a portion of light from 
each, till at length, if too many glaſſes be inſerted, there ſcarce W 
remains light enough to depict on the eye the objects viewed, W 


but a kind of white cloud ſeems to veil them. 


We have proved that the particles of light are extremely ſmall ; 
we have now to add, that they are nevertheleſs thought to be of 
different ſizes ; our reaſon for this is, they are found to be of dif- 
ferent colours, for colours are certainly the offspring of light, W 
and every ray of the ſun being a Mixture or union of ſeveral kinds W 
of light, excites in our eyes ſenſations correſpondent to the com- 
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6 parts of ſuch mixture. It is eaſy to obſerve the various W 


ighly brilliant colours which ſucceedeach other in a bubble blown 5 : 
from ſoap; they appear like ſo many real colours, but are un- 


doubtedly ſeparations of the rays of light which fall on the _ oo 
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THE ELEMENTS = 93 
he, into their primary principles. We obſerve the ſame colours 
in cut glaſſes of all kinds, and in drinking-glaſſes, when filled 
with water; ſee what colours they caſt on a table cloth; ſee what 
colours appear in the ſtems of ſuch glaſſes, in the light tranſ- 
mitted through weir feet, ; &e. | 8 15 

Obſerve further the inſtances of paſte pins, or buckles, of 
mother-of-pearl, and of ſeveral kinds of gems; what renders 
them ſo brilliant! whence ſuch variety of beautiful colours? 
Giferent in different ſtones of the ſame buckle : and why is the 


-gcam of colour changed by the leaſt motion? a proof the ſtone 


iſeifis of no particular colour. The anſwer is ready—the rays 
of light which fall on ſuch a buckle, &c. are, by the refractive 
power of the paſte, divided into their ſeveral original colours, 


hich making different angles of refraction, exhibit that parti- 


cular colour which correſponds to the angle at which the eye 
views it. "The fame principles account for the highly reſplen- 
dent colours of the varying plumage in the necks of many birds. 

The uſual proof of this principle, is the ſeparation of the rays 
in a glaſs priſm ; and this, becauſe eaſily manageable, is famili- 
r. We have nothing more to do, than to ſhut out all light 


from a room, except what is admitted through a ſmall hole in a 
window-ſhutter 3 againſt this hole we place a glaſs. priſm, and 


et the rays which paſs through it fall on a ſheer of white paper 
ata convenient diltance. We obſerve, that the image on the 
paper will not repreſent a hole of correſponding ſhape to that in 
the window, ſhutter ; but wil be very much lengthened, and 


will contain various colours, in the following order: red, orange, 


yellow, green, blue, indigo, violet, or a kind of blackiſh pur- 
ple. Theſe are termed the {even primary colours; and of theſe 
all others are compoſed. Theſe appear always in the ſame or- 
der, and never with various intervals. Here, then, we have a 
ry of light which we ufually call whzze, ſeparated into ſeven 
other colours, not one of which is white. . 

It is natural to aſk whether we can re- combine them into 
whiteneſs? We anſwer, Ves; by uſing a proper lens to coun- 
tract the effects of the priſm, we return the rays from their 
preſent fituation, and conduct them to that ſpot where they 
would have fallen, had no priſm intercepted them: here, re- 
united, they appear white. Is it aſked, whether they will not 
be whiter if the red ray be omitted? we anſwer, No: the pre- 
dominance of the blue will prevent it : If the blue be omitted ? 
No; the red will ſtrongly glare; the whole is neceſſary to pro 
duce perfect whiteneſs, and no improvement can be made, 
either by addition or by diminution. Neither is it poſſible to 
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change the colour of one of theſe ſeparated rays ; for ſtance, 
the red rays, tranſmitted through green glaſs, will receive no 
tinge of green, but will on a white paper ſtill depict a red; or the WM 
blue ray, tranſmitted through a red glaſs, will ill continue e. 


But « 
which 


more brilliant the white. | ae 
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What ſay natural objects to this theory? Obſerve the clouds, 
they refract, and refiect the ſun's light ; obſerve in an evening, W 
how their colours gradually change from the afternoon's whitenels W 
to deep crimſon, and how that gradually changes to violet, ant W 
to grey. Obſerve the atmoſphere when the ſun ſets without 2 W 
cloud ; when he is ſomewhat declined, examine the quarter ol 1] 
the heavens oppoſite to him, it is red; and it fades to violet. 
Around the ſun is yellow, over head is blue ; trace the progrels . 
of theſe colours where the ſun ſets; from red to orange, to yel- 11 
low, to greeniſb (this 1s uſually but faint), to blue, to grey. | he in 
gradual introduction and ſucceſſion of theſe colours at different WW 71. 5 
angles from the ſetting ſun, are not only pleaſant to obſerve, but i bur a 


1 16 8 | „ tl 
8 ls it inquired why the glaſs ſeparates them? (which returns WM * 5 
it to a queſtion already hinted) we can give no other reaſon, than | 
Fa ſuppoſing theſe rays to conſiſt of particles of various ſizes, which Wis 2 

"ny are proportionately attracted by the glaſs : the ſmalleſt particle is leere 
0 molt ſtrongly attracted ; we therefore expect that to paſs out of 3 
„ the glaſs at the greateſt deviation from its natural courſe; We ho 
1 this anſwers to the violet colour; or, particles of light of this ſize; . ; 
. affect our ſight with a ſenſation which we expreſs by the term 4 J 
. violet colour. If we ſuppoſe a number of particles ſomewhat Þ 1 ” 
WW: larger, they will leſs feel the attractive influence of the glaſs, and Wl ” ei 
5 will be leſs diverged ; theſe ſhall be, if you pleaſe, the hehe: e 
. and another ſize yet larger, ſhall be the red. Red rays then will : "Mi 
bf always be the neareſt to their natural direction, and may be Ons 
* thought the ſtrongeſt colour, while the weaker violet ſuffers moſt de 
„ violence, and is moſt deflected from its courſe. =... 
. Perhaps this matter may be yet more ſimply ſtated, thus ; = he 
1 light conſiſts of three kinds of rays, red, yellow, and blue (for . 8 
9 the intermediate colours are mixtures), which either iſſue in . 
4 union from the ſun, or are ſo united in their paſſage to us, as to 0% 
f form one fluid when they arrive here; this fluid contains, there- aff h 
„ fore, the principles of all colours, and is ſeparable into all co- WM |... . 

bl, lours, by bodies properly adapted to reflect its various combinati- | y © th 
9 ons. Black is the privation of colour; we are not therefore to WI .....;c 
14 expect this as reſulting from light. White is the union of all 5 
* the primary colours, and the more complete their union, the or 
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But, the grand natural proof of theſe principles is the RA IN BOW 
which is ſimply a various application of them on an enlarged 
Me, Adverting again to the inſtance of the paſte buckles, we 
Ie that correſpondent to the angle of the beholder's eve, with 
au one of theſe ſtones, would be the colour it reflects to him. 
If we ſuppoſe, that a ftone at a certain angle ſhews red, elevate 
this a little it ſhews orange, a little higher it ſhows yellow, then 
green, blue, and fo on, at different elevations. Inſtead of theſe 
liferent elevations of one ſtone, ſuppoſe each colour were alotted 


z ſtone to itſelf 5; then have we the primary colours of the bow. 


We have only to change the ſuppoſed ſtones for real drops of wa- 
er, and the ſame effect will follow. Whenever the ſun's light 
frikes on falling drops of rain, it ig by them refracted into the 
jnimatic colours; and it a ſpectator be placed in a proper angle 
o view them, theſe refractions will indicate themſelves by ſhew- 
ng various colours to his eye. The angle under which the 20 
refrangible rays are ſeen, is 40 deg. 17 min. the angle under 
which the lea refrangible rays are ſeen, is 42 deg. 2 min. and 
il] the paricles ot water ww:7/:n thoſe two angles will exhibit the 
rimatic colours, and conſtitute the interior bow. To account 
tor the circular form of the bow, we have only to reflect, that this 
nge is permanent; and as well on either hand, as looking up- 
wards, requires the ſame degrees: if, therefore, it maintain an 
qual angle on all ſides, the /zweep of this angle (and of the bow) 
mit be circular. The bottom part of the bow follows the ſame 
aw; and rain-bows, completely circles, were ſeen by thoſe who 
en the top of highly elevated mountains, could {ce to the angle 
rquifite, as well below as above: as was the fact with thoſe gen- 
lemen ſent by the kings of France and Spain, to meaſure an e- 
(utoria] degree The ſight muſt have been extremely curious; 
nd yet, among ſuch danger and difficulties, no one will envy 
tto thoſe who ſaw it. When, however, without danger and 
Uficulty, nature preſents what is curious to the eye of obſervation 
inſpires a pleaſure of which ignorance is incapable. I ſhall 
nncly own, that ſtanding on the beach at Ramſgate, I 
ws highly delighted with what is termed a SEA-BOW, i. e. the 
Filmatic colours refracted from the ſpray of the waves. To pro- 
luce this, the ſea muſt run high enougu to afford a good deal of 
ling ſpray z and the ſun muſt (as in a rain-bow) be behind the 
pectator, But as it ſeldom happens, that when the ſea runs fo 
Ach the ſun ſhines out clear, theſe phenomena are rarely noticed. 
ie principles of this bow are the fame as thoſe of the rain- bow; 

as many bows are ſeen at at once, each wave making one, the 
lit is extremely curious. I remarked one formed by the ſpray 
| e 


— 
. 


—— 
I 


— * yon 
2 


2 — 
r 
S — 


3 
1 ” = _ 
r 


pn * — - mY 
— . 


Yr rr ? 
— PII Enacted —- £. © this 


„ 
Bo re ri 82 2 
4 rr — t.; 
„ y t 
- 


— 
- 

— — 
— 


* 
= 
— — 


ky 2 


Patt Er 

* . I 
— 2 —_- - 

. 


* 
* 
* a — 


— ” 1 F "” — ” = q 
"On — 4 5 3 S * . k : p _ E 
6 2 — — = a — 4 * — 2 > 2 2 „ „ ERS . ® * , 
— — - - > oe” 2 — > — * 3 = . 22 3 Re 
— aw a ee ae oo” > —— — — —— er go oe BI 
© == * *. OY F nne. 4 D A 
— ak g A d * 22 2 
— — . 
0 * 


3 


1 
„* 
« 
* 
\ 
4 
BT) 
£5 
175 
x 
* 
*) 
4 
* L 
a; 
1 
f 
: 
5 
. 
18 2 
"St 
* 2 
: 
BY 
: 
. 
it 4 
| p 
- \ 1 
17 
. 
OI 
—_ : 
. V 
: » 
: 5 
5 S 
7 
ww. 
ua ” 
'; 8 
„ 7 
a 
7 „ 
1 
175 
.. 
1 
40 
N 
| K 
1 
$4,468 
„ 3 
— "I 
f * 
f ,. 
7 * * 
: 4 
1 
a 
vo). + 
. 
1 
* , 1 
* 


* 
4 


96 pOEERTI TS OF 


ſo cloſe as to ſprinkle me (Ido not grudge a ſprinkling for the | : 


ſight), that its colours were highly brlliant and lively, very ſpark- 
ling though momentary. 


o account for the appearance of a kind of ſecond Rainbow 5 
above the firſt, of fainter appearance, and of colours reverſe from 
the former, remark, that though much of the light which falls | 
upon a drop of rain be retracted and reflected, and paſting to | 


the ſpectator's eye, there exhibits the priſmatic colours, yet 


other rays remain which, after being reflected are again refracted, 


and quitting the drop at another part, there alſo diverge into the 
primary colours; fo that were a ſpactator properly placed with 


regard to theſe, they would to his eye depict a coloured bow. 


This double effect cannot be produced by the ſame drops to the 


fame ſpectator, but proceeds trom different ranges of drops at 
different elevations. It is natural to expect that the colours of 


thoſe rays which have ſuffered moſt refractions ſhould be weakeſt, 


Lunar Rainbows follow the ſame principles; and differ only | 
as being occaſioned by weaker light, being ſeen in the night time, 
and by being pale, or perhaps exhibiting one or two colours only, 


well, and the others imperfectly, 


Hitherto the ſpectator has been ſuppoſed between the lumi- 
nary and the cloud; but when a cloud is between the ſpectator 
and the luminary, what follows? It the cloud be fo denſe as to 
preclude the paſſage of light, it is clear none of the effects of light 
can be expected; but if it be thin, light, and tranſparent, ve 
look for a HALO, or circle tinged with colours, ſurrounding $ 
the luminary. Theſe are uſually ſ-en at night, and are thought | 
to be light refracted through the ſides of congelations ſomewhat I 
flattiſh in fo- m, wherein the red predominates as the leaſt refran- | 
gible colour, and-the extremities have a tint of blue. Some- | 
times we ſee round the moon only a circle of white: commonly | 
very large; this is always in hazy weather, and originates from 
light reflected by ſuch vapours ; being larger or ſmaller, as they 
are more or \lefs elevated. V apour confined in a glaſs goblet, | 
when juſt forming drops, before it begins to run down the ſides 
of the glaſs, if placed before a light, and looked through, will : 
exhibit the rud:ments of a halo. The infinity of combinations } 
among the clouds in the atmoſphere, prevent the frequency ot 
theſe phenomena. The rays of light are alſo promiſcuoully | 


O 


blended ; and do not emerge parallel from drops in ſuch clouds 
to the ſpectators eye; if they did, we ſhould ſee round the fun, | 


through a raining cloud, much brighter rainbows than we now 


are acquainted with: and ſome of theſe may occaſionally be ſeen 
in a ſtanding water which reflects the ſun's face ſeen throug 
a tun cloud, i Ne 10 
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If lizht be a fluid ſo exceedingly minute, and ſo ſtrongly affect 
el by all ſenſible objects, ſtriking here, rebounding there, and 
erer reſting, no wonder it viſits every creek and corner. If we 
excinde it when direct, it will enter by reflection, from ſome ob- 
liquity, from ſome object, near or remote; and while this fluid 
gad its elfects are fo neceſſary to human comfort, let us ever re- 
member with gratitude this its importent property. Cuſtom has 
ridered a great quantity of light neceſſary, to us who enjoy it at 
dei; but it has been found by thoſe in cloſe confinement, that 
ile light enables them to difcern even diminutive objects. I 
remember hearing the ſtory of a man, long imprifoned in the dun- 
Wc) of te Chatelet, at Paris, whoſe eyes became gradually fo 
WT |: d to his darkſome abode, that he could fee the rats and 
ie ch ran around him to pick up his crumbs. We may 
Me crore juſtiy ſuſpect, that we are never totally without. light, 
eren in the darkeſt night, or the moſt profound obfcurity : per- 
hays as the earth imbibes and treatures up heat, fo it may light; 
in ſome degree at leaſt. 5 

Other effects produced by the agency of light, occur to obſer- 
alen; they chiefly reſpect its colorific powers. Plants excluded 
fo night looſe their colours, and become of a dingy white; but if 
mn 02118 be leit whereat light may enter, they will uniform- 
lf 10216 towards it, and thoie leaves which neareſt approach it 
wü be green, While thoſe at a diftance are white. Plants, while 
routing, being concealed from the light by a covering of earth 
we white; but no fooner do the tender leaves appear above 
und, than they become green. Light, therefore, or its effects 
ms neceſſary to the maturity of plants; or at leaſt to that o 
heir colours. Certain apples are painted from green to red, by 
rouently drawing upon them ( when on the tree) by a pencil of 
vater, the figure prepoſed, the pencilled parts dradually become 
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our better than the north aſpect; and very much better than 
underground apartment having a north aipect. 

Lieht is tound under certain eircumſtances to have corroſive ef- 
5; but there ſeems to be much caution required in determin- 
ue & hat effects are attt ibutable to light itſelf, and what to other 
Wits, whoſe activity it impels; and while light and pre have 
Ken 19 generally confounded, no wonder the performances of 


ya. Painted pictures, precluded from light, fade and become 
named If the ſouth aſpect of a houſe be painted, it will Keep 
= 

U 


02 ve been attributed to the other; or effects, in which per- 
ls both are neceſſary, have been thought to be produced by one 
We, it ſeems, that the lunar rays (which are certainly mere 
St) have the effect to putrefy fith; or at leall greatly to haſten 
their 
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98 "PROPERTIES OF 5 
their putrefaction: and therefore, in ſouthern climates, the fin-. Lit. 
ermen very carefully hide their fiſh from the moon-ſhine, a few Wl tic 
hours expoſed to which would render them unſaleable; even in tre, 
our own country fleſh in barrels will not take ſalt, if expoſed to WM b 
the rays of the moon. = AT 
It is very probable, that many other effects ariſe from this V us 
active fluid: but we are compelled to recollect, that our acquain- pf 
tance. with it is of neceſſity imperfect. Sight is the only ſenſe WM \\ 
which judges of it, and ſight has the reputation of being eaſily de- ve. 
ceived. Take a ſpecimen or two. The rainbow, ſays fight, ex- fit 
iſts in the cloud : No, ſays phyloſophy, the falling drops of the c 
cloud only ſeperate the rays of light, and theſe ſeperate rays appear pull: 
to you in the form of a bow. A candle in the dark has a ſpl-ndid WW thc u 
crown of rays attending it: No, they exiſt only in your apprehen- prop 
ſion, being produced by the impulſe of light on the Retina. impu 
Stars twinkle: No, they are alternately hid and diſcovered by rent! 
atoms floating in our atmoſphere. In fact, it has been queried, i noric 
Whether there be any ſuch quality as colour really exiſting; food 
whether the rays of light, ſeperate. or combined, direct or reflect meet:. 


ed from ſurfaces proper to ſuch or ſuch rays, do not merely ex lines, 


Cite in our minds, by peculiar effects on our fight, ide of cor ferfed 
reſpondent colours: inſomuch, that it may be ſaid, the ſeat of tun a 
colours is rather the eye as it affects the mind, than coloured light 4 partic 
or than coloured objects? | | bl. 
It is not eaſy to reaſon accurately, yet familiarly, on mental per from 
ceptions; nor is it always that analogy muſt be truſted as a guide WW 2 hon 
ret when it affords an opening, we accept with pleaſure the E other 
in Ki of thoſe who endeavour to trace it. The agency ot ligt liht 
we have noticed in various inſtances: but its influences are prove en 
bably yet more extenſive. Light isthe fineſt and moſt powerfu of tte fat 
fluids, impelling the fire by the agency of the ſolar rays ; the fir = pd 
expands and agitates the air, hence the origin of winds, Fire a bet 
maintains the waters in fluidity, &c. Air, actuated by fire, af em; 
fects the waters in the inſtances of ſtorms, vapours, &c. Water tie m: 
air, and fire, as excited by light, affect the earth, by imparting of the 
the principles of fertility Hit ſeems, therefore, as if we mig hl body. 
fafely conſider light as the firſt cauſe, acting through various clo l cc 
mentary mediums. Or ſtate it thus: lite is ſupported by ti and at 
productions of the earth ;—which productions are compoled 0 5 Manic 
earth, water, and air, each of which has been excited by fi bt, t. 
and fire is excited by light. All the elements are neceflary t ' na; 
life; but they muſt have action communicated to thei, for MT cate 
themſelves they are inert. Each is likewiſe neceſſary; take a 5 Ig 
r0r 


garth, of what value were the impulſes of air, water, wy 
© 8 my : WI a 
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without a ſubject? Take away water, what an arid deſart were 
the gobe ? Fake away air, how ſhall we breathe ! Take away 
fre, cheid a frozen worid of ice | Fake away their chief agent, 
bebold darknels that may be felt; the fire ceaſes its office, air, 
warer, ca:th, are equally conſoiidated, equally hardened, equal- 
unn to ſupport inhabitants; the reſidence of horror and deſ- 
p.. brooding calamity, deſolation, and woe. 

Wen we advance beyond the boundaries of our habitation, 
ve wuit modeſtly content ourſelves with conjecture; in the 
ſpurit of which, I ſhall ſuggeſt a ſew hints. There can be no 
mnued motion of any body, unleſs there be a continued im- 
pulſe exerted upon it: If we ſuppoſe any ceſſation of impulſe, 
the motion will ceaſe. Likewiſe, though a large body requires 
proportionate impulſe, yet if in itſelf it be quieſcent, and the 
impulſe upon it be all in one uniform direction, an agent appa- 
rently feeble may have great effects. Theſe ideas I apply to the. 
notion of the earth as a planet, by ſuppoſing that an unceaſing 
flood of light circulates round the ſun, carrying with it bodies it 
meets in its courſe. Does not light then quit the ſun in ſtraight 
lines, thereby driving a body from the ſun ? Perhaps not: not 
berfectly ſtraight. I reaſon thus: the revolutory motion of the 
lun about his axis, ſeems deſigned to throw off his ſuperficial 
particles of light: no particle. thrown from a revolving body 
follows a perfectly ſtraight courſe, witneſs the drops thrown 
from a mop when trundling (*tis a familiar compariſon though 
a homely one), witneſs the drops from a water-wheel, and many 
other inſtances. We may then aſſume, that the particles of 
lizht from the ſun fall ſomewhat obl:qxely on the planets: next 
we enquire, Which way do the planets circuiate ? The anſwer is, 
the fame way as the ſun revolves z 1. e coincident with this ſup- 
poled courſe of the rays of light; the planets and the light fol- 
low the ſame courſe. But ſome planets have others around 
tiem; what impels theſe ? Reflected light from their a 
the moon revolves rou:d the earth in the ſame direction, as thkt 
Sag light reflected from the earth, conſidered as a rotatory 
ody. | | : 

| conclude then, that light acts in conjunction with, gravity 
and attraction but I do not think that light, or any other me- 
chanical principle whatever, originally imparted this motion; 
but, that it may be the agent uſed by the Supreme Intelligence, 
to 19% e thole motions which his power and pleaſure commu- 
lated, | { 

It is clear, that by this train of reaſoning, a vacuum is explod- 
el from the ſolar ſyſtem, fon we ſuppoſe the progreſs of light "a 
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and wiſdom is employed to fi? up our refidence ! what an amaz- 


* A 


be inceſſant. I think too, it is exploded from every part of the zu 
univerſe with which we are acquainted : for where ſhall we travel __ 
beyond the reach of light? Were gur own ſun withdrawn (as at ot 
night he may be faid to be from us), ſtreams of light from the WM {ri 


ſtars are multiplied around us; and where thall we fly to avoid it? ry, 
to the right ? we advance toward ſome of thoſe reſplendent bo- ho 
dies; to the left? we advance toward others; from each of which Wl c:il « 
light iſſues in every direction. It is true their united beams are u, 


too feeble to anſwer the purpoſes of human life; their comparative ant 
effects is ſmall upon our earth; and therefore the ſun is appoint- ( 
ed for our uſe. This is the dignity, the glory of light, it is in- mor 


diſpenſable : to us? not to us only; throughout the univerſe. K genit 
Wherever are creatures there mult be light, if they may be com- trice 
fortable; Hence our fun ſhines on us by day, hence our moon WF i; b. 
reflects his beams by night; hence remoter planets have many at- 0 : 


tendants ; hence ſtars are diſtributed throughout the vaſt expanſe. WW Has 
Are there exiſtant beings? there is a luminary. The firmament WM Bin: 
is crowded with luminaries, becauſe light is of univerſal enjoy- nere 


ment. This they beſtow, this they circulate, and (probably) w it: 
this they re- collect. Light maintains the intercourſe betwen diſ- Ec 
tant ſyſtems, flies inceſſant throughout ſpace, diffuſes number-- WM cqua 
leſs bleſſings in its progreſs ; ever alert, prompt, and vigorous, jet 
is not this the univerſal agent, that, without which, to be WM :cutc 


deſerved not the name of being! '- ll 
This ſeems a proper ſtation at which to pauſe and to take a re- 
troſpect of the ſubjects we have diſcuſſed. What contrivance 


ing expence of power and {kill ; at once beneficial and elegant ; 
replete with the neceſſaries and the pleaſures of life; aud offering 
for ſupport or delight, all that we are capable of enjoying, allthat 
may ſatisfy our withes. . 
What wiſe ceconomy appears in the compoſition and diſtribu | 
tion of that neceſſary element Alx ! to which we are under ſo B 
many obligations, as ſupporting life by reſpiration, as friendly Y 
tempering our circulating blood, as contributing to our enjoy- i 
ments of ſeeing and of hearing, and indeed of all our ſenſes. B 
While vegetation is influenced by Air, and the ſupports of liſe 
are themſelves ſupported by it, to deny our obligations to this ele- 
ment, were not only ingratitude, but folly. | 
Nor let the tranflucent wave whether murmuring in the hum- | 
ble water-courle, or rolling in the magnificent river, let it notpals | 
without our acknowledgments. With what heavier curſecoulda : 
man curſe his enemies, than to wiſh them deprived of this ſalutar! 


, 2 
element; over head a burning {ky ; beneath the feet a parched fanr „ 
| : a iv 
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wund a wide ſpread deſart; no ſhrub to relieve the weary eye, 
no verdure to vary the tireſome. proſpect, to fuggeſt the poſſibili- 
ot refreſhment, ſuch is the aſpect of a land without WATER! 
ſorlaken of vegetables, forſaken of animals, wild, barren, drea- 
15 deſolate. O for a bubbling fountain, for a cool ſpring, 
whoſe ſalubrious draught may reſtore enervated vigour, and re- 
call departing life! Fountains and ſprings Nature offers in plen- 
ty, freely diſtributing this indiſpenſable element, at once abun- 
dant and invaluable ; ſuch is her liberality to the ſons of men! 

On the productions of EARTH we ſubſiſt; we ourſelves are 
among its productions; and however endowed with reaſon or 
genius, with acuteneſs of thought or depth of underſtanding, we 
trace our origin from the duſt, and acknowledge our compoſition 
is but clay. A reflection at once exalting and humiliating. 
Of th/5—-arth is capable! Is this capacity attached to earth © 
Has earth been animated, enlivened, ennobled, in the rank of 
Being? Is this nobility, this life, this animation, combined 
merely with earth which ſhall ſoon return to its firſt principles, 
to its native inſenſibility: how amazing is this 

Equally neceſſary the ſervices of FIRE, equally numerous, 
equally valuable, from which we receive many, many benefits, 
yet whoſe mode of action defies our ſtricteſt ferutiny, our 
xcuteſt penetration: ſecluded from our detection by danger, and 
eſcaping from our acquaintance by tenuity. 


Hail, holy LIGHT, offspring of heaven ! firſt born, 
Or of th' Eternal co-eternal beam! | 
May we expreſs thee unblamed ! fince-GOD is light, 
And never but in unapproached light 

Dwelt from eternity; dwelt then in thee, 

Bright efluence of bright eſſence increate ! 

Whoſe fountain who thali tell? before the ſun, 
Before the heavens thou wert- 

So much the rather, thou CELESTIAL LIGHT, 
dhine inward, and the mind through all her pow'rs 
Irradiate; there plant eyes, all miſt from thence 
Purge and diſperſe! 
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OBSERVATIONS ow Tis PLATES. 


PLATE I. SPRINGS. 


PLATE I. Repreſents the ſeveral forts of sy R, as they are 
uſually divided into, (1) PERENNIAL, thoſe which run coni- 
nually; or (2) TEMPORARY, thoſe which run only at times; 
(3) INTERMITTING SPRINGS, Which flow and ſtop alternate= 
ly ; ſometimes very frequently, and at ſmall intervals; by regu- 
lar intermiſſions. (4) RECIPROCATING SPRINGS, Whoſe was 
ters ebb and flow, by riſing and falling alternately. Theſe ſeve⸗ 
ral kinds of ſprings are ſuppoſed to be ſituated in the ſame mouns 
tain or hill, and a ſection of the ſume exhibited to inſpection. 
No 1. The rains which have fallen on the hill's top, are ſup-- 
poſed to have trickled through crevices, or channels, wherever 
they could find paſſage, till at length, ſettling in a baſon, or 
collection ot water, they are diſpoſed to iſſue in a ſtream, and 
form a ſpring ; it is evident, that ſo long as the water, in this 
baſon rites ſo high as B, it will furniſh the outlet A with a regular.” 
ſepply of water. and thus a ſpring may ariſe from the upper 
parts of any hill whatever : bur it the reſervoir be ſmall, or the 
duct B. A. be large, this ſpring may fail, or at leaſt be much di- 
miniſhed, unleſs it receives perpetual ſupplies from rains. 
There is an odd phenomenon ſometimes obſerved in ſuch 
ſprings, i. e. they run in dry weather, and are dry in wet Wen 
ther; which is eaſily ſolved, by obſerving, that during rain they 
are gathering waters, and that it requires ſome time for the Was 
ter to riſe ſo high as B, ſo that, probably, when the rain ceales, 
the reſervoir being full, the water may iſſue by its channel B. 
A. and continue during the dry weather; but be exhaulted 
again by the time of following rains. The ſame idea applies io 
Temporary Springs. L 1 
o. 2. Shews the principles of Intermitting Springs; hieh 
ſprings iſſue from a cavity Where the water is collected, and 
which is continually receiving freſh ſupplies from ſome othe 
ſources, by the channel C. At H. on the lower part of the® 
baſon, 1s an outlet, H K E, which is of a curved form, riling 
at K : here it is evident, that only when the water arrives at the 
level D K, will it riſe in the channel, high enough to run by 
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k, and when it riſes to that level, it will continue running 
through H to K, and ſo on to E, till it has drained the cavity 
dy: it will then ceaſe, of courſe, till the water brought in by 
C, is again collected to the level D K. | 

No. 3. Reciprocating Springs, are formed by a combination 
of the foregoing ; for if we ſuppoſe that befide its own inlet of 
water L, the ſtream of the baſon, No. 2, inſtead of iſſuing at 
L, was added, as at M, it is clear that the ſpring O would run 
conſtantly by the ſupply of water from L, but would run with 
much greater force and plenty whenever it received the waters of 


the intermitting ſpring, by means of the conduit - HK M; and 


its times of abundance would anſwer to the periods of the inter- 
mitting ſpring. | | 

No. 4. Shews the principle on which water riſes in wells, 
&. which is always to that height, S, which is equal to the 
kyel ot the water in the cavity :—the ſtream running from R to 
and rifing from Q to 8, which is the utmoſt it will rife to, 
be the height of the well P what it may. 

his property of water to riſe in its level, and alſo, in ſome. 
circumſtances to empty itſelf, is explained by No. 5, where 4 6 
cd is ſuppoied a veſſel containing water to the level e V, from the 
bottom of this veſſel iſſues a pipe of any form, as g hi: the 
water riſing in this pipe to g and /, will there run over, and riſe 
gain to its original level e /, as at i; where it will again run over, 
and if the pipe 2 # be ſomewhat longer than the depth c de f, 
the water will run out at #, and will not ceaſe, till it has drawn 
the veſſel a b c dry to the very bottom. This principle affords 
an inſtrument very uſeful in drawing off many kinds of fluid 
commodities, called a /yphon ; if the ſyphon be inferted inta 
the veſſel above the bottom, it is evident it will draw off the up- 


per parts of the fluid, and leave its ſediment, teculencies, &c, 
undiſturbed. | a 1 


PLATE TIDES. 


THIS ſcheme illuſtrates the principles, We obſerve, firſt, 
that were the globe of the earth to be covered with water 
ot any ſuppoſed depth, that water of itſelf would al ways main- 


tan the fame level, and form a ring round the globe, as a b c d. 


This would be little, if at all, ſenſibly changed, by any effect of 
the diurnal rotation of tae earth; but ſome mall effect would 
arile 


—— —_ _— 


— — 
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ariſe from the attraction of the ſun, S, which would conſtantly 


draw together thoſe parts of the water adjacent to where it was 


vertical, as at A: and this riſing of the water would follow its 
verticality in its daily courſe ;, but the immenſe diſtance of the 


object S, being ſo many millions of miles, would render this 


tide very trifling. But if a celeſtial body, as M, be ſuppoſed 
pretty near to the earth, the influence of ſuch body mult needs 
be very conſiderable. | os of | 

M is the moon in conjunction with the ſun, conſequently, 
the combined forces of theſe bodies, have now the greateſt effect 
on the fluid element. Immcdiately beneath M 1, as at A, the 


waters appear aſſembled to the greateſt depth, and gradually be- 


* 


come ſhallower as we advance to a, which is the point of genu- | 
me depth of water; it being here neither elevated nor depreſſed. 


But as we proceed to B, we find the water becoming ſhallower, 


having loſt ſo much of its quantity as the depth at A excecds, its | 


juſt proportion. If we take the other fide of A to 4, and ſo on to 


D, we find the fame occurrence, fo that this entire hemiſphere, 
DAB, feels the influence of the planet, and contributes, a 
greater or a leſſer portion of the waters aſſembled at A. In che 


other hemiſphere, B C D is an exact counterpart ; for at the 
furtheſt poſſible diſtance from M x, iz. C, the waters being 


— 
* 
+ 
2 
55 
26 
ye 
avs 
2 
Is 
*I 
SY 
Ws, 
Wh 


15 
"Iz 
. 
8 
* 
E 
* 
9 
8 
va 
. 
— 
5 


el 

WR 1 
n 
8 PRESS 


Sree oo SER 
OR Pans talk 


Os at ab gets 


eta: — OE Ne jpg 

e 8 n 

C 
? 


lighteſt, are aſſembled, and here is high tide again: the points 


b c being tlie true uninfluenced depth, and B D low water. 


It is clear, that by the rotation of the earth, the object Mt : 


will conſtantly appear to change its ſituation; and alſo, that the 


depth of water, as A, immediately beneath it, will accompany W 


it: and the co iponding depth, as C, will anſwer to that; al- 
ways keeping the greateſt pothble diſtance. | 


It is clear alſo, that let the path of the moon be where it may, W 
whether in the equator (as in this figure), or north, or ſouth of 


the equator (as we know the moon varies from the ccliptic 50), 


the water will aſſemble in north or4outh latitude, in perfect obe- 
dience to its lunar directrefſs. "Theſe principles need no figure to 


IUuſtrate them. , 
As the moon proceeds in her monthly courſe round the earth, 
fhe navit, in advancing from MI gradually quit her conjunction 


7 


with 8, and take the ſtation M 2, which is the firit quarter: 


* 


here the tides riſe leſs than before, becauſe the attraction of 8, 


mtitead of adding to the power of MH 2, counteracts it; drawing 


the waters from toward a and A. 


When the moon arrives at M 2, it is clear ſhe attracts that W 


part of the waters at C which are furtheſt from 8, and are there. * 
tore lels attracted by him I and Which confequently are ſo much * 


lighter 
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THE ELEMENTS. ES... 
whrer, and By ſo much more eaſily yielding to her impulſe. — 
| the other hemiſphere, the ſame occurs at A; theſe waters, 
of their Own accord, would riſe high, but this height is much 
ymented by rhe added impulſe of 8. Here we ſez the reaſon 
of higher (or (ori ing ) tides, at new and at full moon; as alſo of 
10% or lower tid es, in the quarters. 

5 being merely a countergart of M 2, is explained by that 


nic 


1 i 


{he annual zugmentation of the, des, as depending on thoſe 
junctions of the ſun and moon when et parious, they have 


nu? power on the earth, is eaſily conceivable from thele Prin 
ches. 


3 PLATE III. REFRACTION. 
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55 | 
Fals figure ſhews the attractive effect of different mediums 
ofligbt. If A E, be a ray ſuppoſed paſſing in the air 
done uniform direction, when arrived near to the point B, 
t will {eel the influence of the medium 3 B 4; and will be 
daun by it out of the courſe it would follow (as AB C) were 
uch denſer medium preſent ; and will now be inclined toward 
i , ndicuiar (1 5 B 8 2), and deſcribe the line B 7 D: 
ing its paſſage the diſtance between C and D. The reaſon 
i 7g is, that the force of the attraction of this medium (and of 
wothers), being perpendicular to its ſurface, it draws the ray as 
* as it can to its Own ae 7. e. towards the perpendi- 
_ "it 
around B, as a centre, be deſcribed a circle, as 1 3 2 4, 
| TRREE that circle cuts the incidem ray A B, and the refracted 
B D, parallel lines be drawn to the perpendicular, as 5 6, 
all d, the proportion of theſe lines to each other will inform 
or the quantity and force of the different refractive powers of 
| % mediums. If the refractiom be out of air into w ater, 
78 will be to the line 5 6, as 3 to 4 (fi. e. ſhorter by a 
er 0 its length). If out of air into glaſs, it will be as 11 
Wy: or nearly as 2 to 3 (loſing one third of its length). Into 
WE 00 greater ſtill. 

os ure may. be reverſed in its idea; and we may ſuppoſe 

; n of light palfing from a denſer medium into a rarer; 
, inſtead oi being drawn toward the perpendicular, it is 


deflected 
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105 PROPERTIES oF A 
deflected toward the , horizon ; its firſt courſe being B B, its 
latter courſe B A; fo that inſtead of going on to E, its paſſag 
is now varied the diſtance from E to A. It is clear that all cite 
cumſtances are reverſed from what they were before, and Wes 
any one deſirous to look along the line B D (ſuppoſing it a ſtick 
for inſtance), he mult not place his eye at E, but at A. Tre 
clear alſo, that the part of ſuch Rick, which is beneath the Warth 
will loſe in appearance one quarter of its real length; ſueh being 
the proportion of the line 7 8, to the line 5 6. We fee allo i 
reaſon why A not only fees to C (as in air he would de), but 
alſo much deeper into the fluid, as By). 
TRANSPARENCY. In this figure, L is a pencil of rays fir 
ing a ſuppoſed ſurface, from which a portion of them is Fe 
which renders this ſurface viſible to an eye placed at a coe, 
ponding angle: this is the firſt reflection (R 1). But then. 
mainder of theſe rays, having accommodated themſelves to d 
direction impoſed on them by the attractive power of this body, 
paſs through it; and at its further ſurtace are again divided; pig 
paſſing into whatever medium may be behind the body, whereby 
the internal nature of the body becomes viſible to an 'eye beyomd 
it; and part forming a "ſecond reflection (R. 2) whereby i 
renders the ſame viſible to an eye before the body. Thie ſerotid 
reflection is always more conſiderable than the firſt, | 
, OraciTy. The pores in the former figure were ſuppoſed 
ſimilar, uniform, and alike ; fo that having ſuſtained one inflets 
tion, the light had no impediment to its further- progreſs ;*blt 
in this figure, they are ſuppoſed to be irregular in their politions 
their forms, their ſizes, &c. So that after having accomtnolts 
ted itſelf to the pores at the ſurface of this body (as R), t has 
alſo to vary its courſe for a ſecond ſet of pores ;— then for a 
third, &c. till it is totally ſtifled, and diſappointed, in its ende 
an OO Og 
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PLATE IV. PRISMATIC COLOURS, ,  * 


L. THOUGH a ray of light feels the attraction of a medium 
E denſer than that in which it is moving, yet as that ray is itſelf a 
Emxture,, ſome of its parts are influenced by ſuch attraction more 
than others, as appears by this experiment: L is a pencil of 
s paſting through a hole in a window-fhutter into a darkened 
toom; where they are received on a priſm a, 6, c, falling on it 
Eats The ſuperior denſity of this medium immediately inflects 
them from their true courſe (to 8,) and they paſs out at the 
further fide of this medium in a ſtate of ſeparation, forming the 
| coloured image, R, O, X, G, B, I, V, on which we obſerve, 
that thoſe particles of light which depict R the red, are always 
near to the perpendicular (P) of that fide of the priſm (a, 6) 
from whence they iſſue, let the medium be what it may. Next 
to the red, are O the orange, then Y the yellow, G green, B 
| blue, I indigo, and laftly V the violet. „„ 
This order is ſo conſtant, that were the letters away, and 
merely the figures 1 2 3 4 5 & 7, marked on the lines, any 
perſon converſant with the ſubject, would at once pronounce, 
that the ray 1 would be the red, the ray 2 the orange, 3 the yel- 
low, and ſo on, according to their diſtance from the perpendi- 
F gular (P). | . 3 
Ihe proportions of the Colours, are not all equal in regard of 
he ſpace they occupy ; but, as appears in this figure, the orange 
is but ſmall, while the green, blue, and violet are large. 

DouBle REFRACTION. This experiment is that by 
which Sir ISaac N EWTON thought his doctrine of light and 
colours was abſolutely demonſtrated, and therefore he termed it 
exterimentum crucis. L is a pencil of rays, paſſing as before 
through a hole in a window—{hutter, and falling on a priſm 1 2 3, 
whereby they are ſeparated into their primary colours ; near this 

| priſm place a board (as O) with a hole in it, ſo as to let only 
one kind of ray paſs through it at one time; this ray will in 
conſequence be prolonged from O to an oppoſite part of the 

| Toom, as R and 8. If in R S be made a perforation, fo as to 
admit but a ſmall part of the coloured ray, that part will be re- 
Celyed on a priſm behind R S (as He). If the firſt priſm (I 
23; be turned on its axis, in the order of the figures, it is clear 

| that each ray in its order will paſs throngh O to RS; and 
| trough this perforation alſo, to the ſecond priſm a Vc. By 
ok | #2 = thig 
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this priſm each will be refracted (as entering a denſer medium 


than that it quits), and this refraction will be, as before, leſs 


a 


xy 
SH 


influentu 1 on the red rays than on the others; ſo that wheres Ml 
tie violet will riſe to M, the red will only rife to N; the inter- 


metate colours, being intermediate flill, exactly as before. 3 
Which ſeems to prove, that if theſe rays, When ſeparated, are 3 
yet allected by the attraction of the glaſs in various proportions We 


of force, they have certain Hential and conſiant differences 


between themſelves: of which a difference in ſize, and perhaps 2 


alſo in denfity, feems. to be aſcertained by the principles of at- 
traction. As all the, rays maintain their ſeveral colours, and 


though a ſecond time retracted, yet continue red, orange, &c. 2 
no further change in their properties, as light, is to be expected. 


PLATE v. RAINBOW. 


WE have already ſlated, that a ray of ligfit, paſſing out of 


air into water, will be aitracted by the water as a denſer me- 


dium, and deflected from its courſe (Plate I. fig. 1), alſo,.— F 
that trom the further ſide of a tranſparent body is by much the 


moſt conſiderable reflection of light (Plate I. Tranſparency, 
R 2); alſo,—that a ray of light pailing through certain mediums, 
is, at its exit into a rarer medium, diverged into its primary 
colours (Flate LV. Priſmatic Colours). We have now to com- 
bine theſe three principles, in order to account for the generation 
oi a RAINBOW: which is merely a natural inflance of priſmatic 
ſeparation of colours. | 

No. I. L is a ray of light, which ſtriking on a ſpherical drop 
of failing rain, inſtead of continuing its courſe to O, is by the 


attraction of the drop, as a denſer medium, inflected to 2, W 


where ſome of it paſſes out; but the remainder is reflected from 


2 to 3, from whence it iſſues, ſeparated into its component Wi 
colours. Now, in order to know which colour we are to expect 
in any ſuppoſed point, we are to recollect, that the neare/? to be : 


perpendicular (C 3 P) is red, and the furtheft is violet; theſe 
form the RAINBOW. To avoid confuſion on the plate, the let- 
ters v h only are uſed, ſignifying red, yellow, and blue —ſince, 


if theſe iſſue right, the intermediate colours muſt follow of courlc. W 
Put though much of the light be loſt by its exit at 3, yet thete Z 
N 8 remains 
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remains enough to be further reflected from 3 to 4; where it iS 
20 in refracted, and iſſues in ſeparate colours. It is clears 
tat were a ſpectator ſituated above this, drop, theſe colours 
wou'd to his eye appear diſtinct. Theſe form the upper bow, or 
WATER=GALL. | 9111985165 3 OF 

No. 2. ſhews the eſſect juſt hànted, in a drop as ſeen by a ſpe® 
tator ſituated below it, In order to deſcribe which, we ſuppole 
the ray of light. which enters toward the þ9/tem of the drop, to 
be that we digi to trace; becauſe, the diſſerent ſituation ot the 
{ye:t2tor requires it. L is a ray of light ſtriking the drop at 1, 
reiracted to 2, reflected to 3, where moſt of it iſſues in its pri- 
mary colours (r ν ); that neareſt the perpendicular (C 3p ), 
25 ulual is red; but the remainder of this light, is from 3 reflected 
to 4, Where it i ſſues in a ſtate of ſeparation as to its colours; and, 


as before, that neareſt the perpendicular (C 4 P ) is red; then 


ella, and then bl e(r 2, y 2, b 2). ; 
It is natural to ſuppoſe, that the rays r 2, y 2, 5 2, are much 
weaker than thoſe which have not been ſo often refracted and 
rclie-ted, or have Ioft ſo great proportion or their light : which 
remark accounts for the apparent weakpeſs and indiſtinct faintneſs 
aways noticed in the upper bow. The reverſe order of the co- 
Jours is Clearly ſeen, by comparing theſe two figures. In No. 1, 
the ra:nbgw refraction reads, b, y, r; in No. 2, thewater-gall 
rciraction reeds, 7 2, y 2, 62; reverſe from the former. 


No. 3. explains the reafon why only thoſe rays which fall iu 


or ne the direction £, are concerned in producing che colours. 
By tracing the ray L, L to L, it appears to ſtrike the further ſide 
of the drop at the græateſt poſſible diſtance from its axis A B above 
Its axis; and to be reſiected to the neareſt poſſible diſtance below 
axis: fo that the whole pencil of rays is kept compact, and 
iemyled together as much as may be, thereby preſerving force 
luficicnt to depict the colours. Whereas all other rays above or 
below L, are ſo ſeparated and thinned at their exit from the drop, 
that they are ſcattered and loſt, and become too weak to produce 
colour. The former are termed efficacious rays the latter zneffica- 
ci rays. Trace, as an inftance, the ray 4 to 1, to 2, to 3, 
Here it comes out alone; for though the ray h ſtrikes the drop 
originally not far from à yet after its refractions, &c. it comes 
out nearly at 4 which is too far from 3 to produce any effect. 


— 


The ſame reaſoning applies to the lower rays c, J. 
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PLATE VI. RAINBOW. 


A8 it is evidently, impoſſible, by reaſon of the divergence of the 


rays, that any ſingle drop thould exhibit at the ſame time all the 


RAIN-BOW colours to the eye of a ſpectator, in this example 


, y , L J 


we ſuppoſe ſeveral drops, or ranges of drops, one above another; 


and it appears that, as the drops at different heights preſent dif- 
ferent colours, all the colours are preſented by means of each 
range furniſhing hat proper to thoſe of its rays which ſtrike a 


ſpectator's eye. | 
L L arerays of light, ſtriking the drops nearly at the top; 


theſe being refracted are reflected, and come out diverged: that 
neareſt the perpendicular drawn from the center of the drop, is 


red (R), which, of all that iſſue from this drop, alone can {irike 
the eye of the ſpectator; the others being diſperſed around the 
eye (as o, y, g, b, i, v.), but not reaching it, The ſecond 


drop 1s fo ſituated, that not its ray neareſt to the perpendicular, but b | 


than next to it, reaches the ſpectator's eye; all the others being 


loſt : this depicts the orange (O). The yellow (Y) rays are | 


next above that, all others from this drop being inviſible; the 
green (G) is the center ray; the blue (B) is the upper ray but 
two; the indigo (1) the upper but one; and the violet (V), as 
moſt refracted, is that ray /artheſt from the perpendicular drawn 
from the center of the drop; all the other rays of this drop falling 
be/;w the eye (as 7, b, g, y, o, v,); conſequently they are inef- 
ficacious. After conſideration of the foregoing plates, eſpecially 
No. 1, Plate V. this figure needs no further explanation. 


A is a ray of light parallel to L L, paſſing through the eye of 


a ſpectator; and thereby becoming the axis trom which the an- 

gular bearings of the reftactions, &c. are to be calculated : the 

lower angle A V, being 40 deg. 17 min.; the upper angle 
A R, being 42 deg. 2 min. 12.3 


No. 2, is a ſimilar repreſentation of the colaurs of the waler- 


gall: but the colours are contrary in their order. The drep 


which appears red (R) being now loro, the orange abvör 
that, and fo on, till the violet takes the upper place among the 
drops. / 4 {10735 8 


It is evident that by the ſame proceſs as in No. 1, the ndr 


ray of the upper drop is violet; the next above it indigo; ad 


ſo on, till the zppcr ray of the tawe/? drop is red. LL are raysef 
light as before. 4 So l nos en 
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W HATE VER be the occurrences around us, or by what- 
ever principles our animal frame may be actuated, the modes 
under which we receive information concerning them, are reduced 
to a few ſimple and regular operations, which we term SENSES 3 
by theſe we feel, or ſee, or hear, or ſmell, or taſte; what know- . 
ledge we acquire, is by one or other of theſe mediums, and theſe 
are ſufficient for the purpoſes of human hf. e 
[ have heard it ſuggeſted, that poſſibly animals have other ſenſes 
whoſe office may be to direct their choice of food, and other ſe- 
lections, neceſiary to comfo table ſubſiſtence; to guide that prin- 
ciple which we call inſtinct, and to determine by ſummary pro- 
ceſs, between advantageous and detrimental. This idea ſæems to 
me erroneous, as ſuperior degrees of theſe very ſenſes we have 
mentioned are capable of accompliſhing every requiſite, purpoſe ; 
nevertheleſs, that there may be ſuperior orders of beings, whoſe 
more numerous, and more extenſive faculities render outs. but 
tt:yal in compariſon, is beyond. denial; but theſe we are gon 
Calle 
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called to inveſtigate, till we have cultivated our own to that per- 


fection of which they are capable. p 

That ſenſe which is moſt generally diffuſed; which is moſt 
exact, which is moſt ſpread in the individual, and is molt freely 
beſtowed to every rank of creatures, is FeebiNG. There are 
ſome which (ſeemingly) poſſeſs this only; but there are none 
poſſeſſing others, yet deſtitute, of this. 

How tar ſubjects of the vegetable kingdom may poſſeſs ſends, 
of any kiad we know not; we diſcern no proviſion made for 


their exerciſe; but if ſuch proviſion may be made, it relates in 


all probability to the ſenſe of feeling. Ihe advances toward the 


exercite of feeling which are exhibited by vegetables, appear in 


their flowers, ſome of which, if touched within their petals by a 


fine needle, at the time when their farina is ripe, will tranſmit WW 


the ipeſſien to the ſtamina {on which the farina reſides), and 
cauſe them to ſhed it. We are ignorant by what mechaniſm 


this is performed; it ſeems to be the height of vegetable ſenſa- 


tion, ahd contributes to ſtrengthen the idea, that whatever is 
related to life is the object of nature's eſpecial care, and higheſt 
contrivance. - | 
Poets have, with their accuſtomed licenſe, uſed the phraſes 
<« all eye, all ear:” the expreſſion © all feeling' is, I believe, 
coming nearer to fact. Nay, perhaps all ow ſenſes are ſtrongly 
related to feeling, and are but more delicate degrees of this qua- 
lity, varied and diverſified. | 
The ideas we have to ſuggeſt on the ſenſe of feeling, include, 
(1.) Its liberal donation throughout all ranks of creatures. 
£2.) Its general diſtribution in the individual. (3.) Its accuracy; 
and to theſe we mult add, (4.) The mode of its action. A few 
words on each of theſe may furniſh agreeable inſtruction. | 
All ranks of creatures poſſeſs the ſenſe of feeling, but not all 
alike, or in equal degrees. Fiſh I conceive have the ſmalleſt 
ſhare, alſocold—blooded animals in general, When we conſider 
the denſe and coid fluid in which fith relide, its increaſing cold af 
and denſi y at conſiderable depths, we may perhaps with little 
riſk, regard theſe creatures as void of delicate feelings ; ſince 
otherwife, the ſudden changes which ſome of them are perpetu- 
ally experiencing mult be extremely injurious. I am not igno- 
rant that ſome kinds of fiſh { whales, &c. ) are of warm blood; 
but, beſide that theſe breathe like land animals, they have al ſo 
prodigious detences of fat ſurrounding them; by its thickneſs 
' beeding in their own bodily heat, and kerping out the cold of the 
circumjacent waters; they are not therefore true fith, but of 
equi vocal ckaracter. The papidity of fiſh is great; it 15 ſcarcely 
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\perbolicat to fappoſe, that one ( à hark for iſtanee) may t. 
a be deep beneath the ice in the coldeſt of waters; to-morrow, 
sst day, may ſport on the ſuperficial waves of the Tropical 


ocean. Such ſudden changes would deſtroy a land animal, yet 
they ſeems to affect fiſh" with no inconvenience. ' Whales, por- 
poiſes, dolphins, &c. fiſh of warm blood, haveſuperior degrees 


of feeling; yet the fat of a Whale is ſo inſenſible, that if a har- 


geapon penetrates the fleſh, * does he fhew ſigns of conſiderable 
Faß 1 an e 
Cold blooded land animals agree with fiſh in having little 
ſenſe of injuries. We have hinted at ſome which regard the loſs 
of 2 limb as a trifle, and which, if a fracture happen at an incon- 
renient part, themſelves break off the remainder to a proper 
ſpot from whence to reproduce the member. Of this number 
xe certain kinds of lizards, and I believe not a few inſets. | 

Quadrupeds have this ſenſe in ſuperior degrees, yet if we may 
reaſon from appearances, the thickneſs of their hides, and their 
additional coat of hair, not a little blunts its exerciſe. © There 
ire ſome which no blows can move; as there are others (I do 
not ſpeak it with pleaſure) which receive ſo many blows, one 
would hope they had a ſmaller portion of feeling than we have 
raſon to allow them; or at leaſt, that beating would harder. 
nf,, . OT DETSE, 

Superior degrees of feeling may be expected, where the me- 
tum between the ſenſe and the ſubject is thinneſt, and leaft re- 
factory, and the union cloſeſt. This ſuppoſes, that the means 
of ſenſation are of equal powers; but that ſome may be ſupe- 
lor to others in quality, as well as in number, cannot be doubted. 

We proceed to notice the general diſtribution of this ſenſe 
tiroughout the individual. If we inſſance ourſelves, where ſhall 
ve deny its preſence? From the head to the foot this ſenſe 


2 „ 


* 


of pain, of heat, of cold, of wet or dry, of whatever is rough 
o ſmooth, ſharp or blunt. The ſenſation affects us every where, 
and every where, alike; it is not herè rough and there ſmooth, 
though ſome parts of us are leſs ſenſible ot roughneſs'and ſmooth- 
nels than Ster, f PPP 

In general we ſay, feeling accompanies the ſkin ; yet let us 


tines ſcratch it without perceiving the wound, and we ſometimes 
miſe it with a pen-knife, without injury. This becomes of 
geat thickneſs by being hardly ufed ; hence the hands of ſailors, 
of rultics, or others engaged in laborious occupations, loſe all 
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pon ſtrike no deeper, the creature ſcarce winces; and not till the 


abounds; hence we become in every part ſuſceptible of pleaſure, 


rmember, that the outermolt ſkit is void of feeling. We ſome⸗ 
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delicacy of feeling; hence the ſoles of the feet of thoſe who 
Walk much, are leſs tender than of thoſe who ride; and if we 


did not accuſtom ourſelves to ſhoes, the ſole of the foot would 5 


become inſenſible to the ſtones of the ſtreet, or the gravel of the 

There are other parts of us which have little feeling, as the 
nails, the hair, the bones, &c. Reaſoning by analogy, we may 
conceive of creatures as poſſeſſing this ſenſe very generally, yet 
having thoſe parts moſt liable to injury, void of it; as the hoofs 


df quadrupeds, the ſhells of the cruſtaceous tribes, and generally 5 


* 


all natural weapons i, Tho 
The accuracy. of feeling is beyond the conception of thoſe 


who have not ſomewhat attended to it. The moſt obſervable 


ſeat of this ſenſe, is the palm of the hand; other parts may re- Þ 
Ceive or communicate a leading, or groſs idea, may determine of 


general heat and cold, &c.; but the hand not only judges of 


theſe with more exactneſs, but alſo of forms, of weight, of mo- 


tion, with minute accuracy. In determining of forms, the band 


not only diſtinguiſhes round or ſquare, a plane or a globe, but 


ing acquired by various artiſts in handling their tools: where a 


. 


their compound figures. This is evident in the delicacy of feel- W 


perſon unuſed to the buſineſs ſhall perceive no difference, the 


artiſt himſelf ſhall find, one and another tool does not ſuit his 


hand, or his purpoſe. The hand too, judges very accurately of % 


what reſiſtance it meets with, and proportion its exertion 0 


ſtrength, as wanted. In writing 


mutical inſtruments, to what ſurpriſing delicacy of touch ſome 


pertuns have attain:d! To what accuracy an excellent player 
on the violin adjuſts the preſſure. of his, finger on aftring! Not 
that he ſees where he places it, but by habit, his feeling accom- 
pliſhes his put poſe. That linen and woollen, and cotton manu- 
facture, ſhould feel different, is little wonder: but I remember 


to ghave read of a perſon who diſtinguiſhed blindfold between 


filks of the fame nature from different manufactories, though 
their apparent texture was alike. On the ſame principle, 
perhaps, do ſome blind men feel colours. The late Mr. 
STANLEY, the organiſt, who was blind, would often lay his 


hand on the ſhoulder of a friend, and tell him the colour of his 


coat; or ſurpriſe one by ſaying, „ why. do you wear ſcarlet ? 
who are you in mourning for ? or, what a lively brown you have 
on to-day.” This oan only be accounted for, by ſuppolingy 
that the dyes of theſe colours were compoſed of ingredients, 
which did not feel alike to a touch ſo delicate. Somewhat the 
fame is reported of Profeſſor SAUNDERSON 3 and epi 4 


g or drawing, or fingering of 
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that he orice diſtinguiſhed between a ſeries of forged antique me— 
gals and the genuine ones, by the ſagacity of his touch, though 


He could 


alſo tell, when walking in a garden, whether he approached a 
tree, or other object, though there was no air perceptible to any 
other perſon of the company. Nor is this all which the ſenſe 
of feeling has been known to do; for we have authentic accounts 
of an artiſt, who, though totally blind, conld model perfect 
likeneſſes: he modelled the Grand Duke of Tuſcany, being 
purpoſely kept in the dark: and the likeneſs was extraordinary, 
t being ohjected, that the Duke's beard contributed a peculia- 
rity to the likeneſs, he modelled one of the Ducheſs's maids of 


honour, with equal ſucceſs. 


painter of it has marked hi 


the end of each finger. 
After theſe relation 


— 


His portrait yet exiſts, and the 
s happy talent, by placing an eye at 


s, little need be added to prove the preci- 


fon of the ſenſe of feeling. Some diforders, however, ſeem to 
aggravate its powers fo greatly, that what fenfations would be 


pleaſant in health, now become exceſſively acute. 


It is natural to inquire into the mode of action of a ſenſe 


which we find ſo vario 
ſuſceptible. ' 


us and comprehenfive, yet ſo minate and 


From the medullary ſubſtance of the brain (and the ſpinal mar- 
row ) iſſue a vaſt number of whitiſh fibres, ſlightly connected at 


firſt, afterwards ſomewhat more, yet ſtiil looſely ; but gradually 
becommg white, firm, and ſtrong, like ſo many threads running 


together, and diſtributed over the whole trame ; theſe are the 
nerves, in their courſes, they generally proceed a {horter way 
than the blood veſſels, branching off at very acute angles. "Theſe 
form in ſome places a kind of knotty bodies, called ganglions. 
Whether theſe threads are ſolid or hollow, is debated, and per- 
haps will continne to be debated, as the extreme finenels of their 
ultimate diviſions precludes our intimate acquaintance With them. 
In general, the idea of a fluid prevails ; and it ſeems to me molt 
natural, ſince the exiſtence and agency of many fluids formerly 
unknown, is now freely acknowledged, and fince fluids ſeem 
capable of motion ſufficiently active and impulſive, to produce 
any effect whatever. With regard to fineneis of parts, to rapi- 
City, and to power, the electric fluid is an inftance, and ſeems 
lmewhat allied to the nervous fluid, by its univerſality, its per- 


petua! fluctuation 
luddencauſes. 


But though the exiſtence 
* aflec 


, and its capacity of being augmented by very 


of this guid ſhould be granted, how 


Lets the ſenſoriamy or how it is itſelf affected, is obſcure 7 
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all we know is, the nerves are the medium of ſuch ſenſations, that Wl furni 
while the nerves are gently impreſſed without violence, the ſen- WY pabic 
fation is pleaſant and agreeable ; beyond this, advances toward © 
pain; and difunion of the nerves, or of their parts, produces WY a {en 
actual pain. That the nerves are alſo the cauſe of motion ſeems its pc 
likely, becauſe if a branch of them be injured, motion is injured that. 
alſo: for inſtance, if thoſe paſſing over the ſhoulder and deſcend-porci 
ing the arm be cut, the arm becoines uſeleſs wherever their 4 this 
branches extend, notwithſtanding the ſeeming good diſpoſition ve f. 
of the muſcles. So if diſeaſe occur to the nerves in their more WY houl 
early ſtages, the whole fide of the body where they extend WY wall! 
becomes paralytic, and void of every degree of feeling. we h. 
The nerves, generally proceed by pairs: I hoſe principally the (i 
occupied in the ſenſes, proceed from the brain, which yields ten W 
pair; others from the ſpine, which yields thirty pair, diſtributed the h 
throughout the lower parts of the body. The ſpinal marrow is WY by th 
properly a prolongation of part of the brain, and is of the ſame conta 
nature and conſtituent parts. It is probable, that the nerves are WY that | 
' thouſands in number; and to each part of the body is ſent a Mon 
diſtinct nerve; not that ſeveral ſmaller unite'into one larger (like WY of thi 
brooks forming a river), but that each runs diſtinct from its ter- domi 
mination on the kin, &c. &c. to the brain; yet the whole, if WY their 


united, would hardly make a cord of one inch in thickneſs. them 


This is extremely wonderful, but is ſupported by numerous WY lingu 
' microſcopical diſcoveries, whoſe analogy may Ay the idea. ſtrick 
There is a ſtrange kind of feeling which occurs, after a mem- bs in 
ber, the ſeat of ſuch feeling, is loſt ; as after a man has had his WY and b 
leg cut off, he ſtill conceives he feels pain in his toe. Many a WY they \ 
Chelſea penſioner conceives he feels pain (the cold of winter, or WY ſweet 
the hardſhips of a march) in his leg, which perhaps he left in cure! 
America. This may be accounted for by ſuppoſing, that the throw 
nerve which uſed to furniſh ſuch information is only taken away with 
in part; I ſay, that only its lower extremity is loſt, and that and c 
part which is left feeling a fimilar ſenſation, the ſenſorium is in- and! 
fluenced by the habit which it had acquired, and for a long time will p 
ſuppoſes the ſame eſſect to proceed from the ſame cauſe. Ss RAY 
It is not ſo eaſy to account for the continuance of life and cult t. 
action in ſome creatures, | after they are deprived of their heads WI deter: 
the reſidence of the ſenſorium, and the origination of the nerves. WI bills, 
It is well known that inſects will run about in that condition, Or 
and a tortoiſe lived and moved months after it had loſt its 5 feelin 
brains, and many days atter having loſt its head. I can find no H vier, 
means of accounting for this, but by ſuppoſing, that the gang/r975 WY the a 
| | tore - + _turniſhed 4 uerve 
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furniſhed the neceſſary ſupply of vitality, and that life was ca- 


pable of prolongation till they were exhauſted of their ſtores. | 
Ot all the ſenſes, feeling is leaſt liable tobe deceived; it is not 
a ſenſe which can act at a diſtance, or receive ideas from afar; 


its powers are circumſcribed to a narrow compaſs, but within 


that compaſs they are generally juſt, and tranſmit determinate and 


forcible ideas. Prepoſſeſſion, indeed, many ſometimes deceive 


this ſenſe; where we expect to find a thing, we are ready to think 


we feel it, though it be abſent. Many a perſon next door to a 
houſe on fire, or ſuppoſed to be on fire, has thought he felt the 


wall hot (I have an inſtance in my thoughts). On the contrary, 


we have authentic accounts which repreſent martyrs as free from 


the ſufferings their enemies intended to inflict. _ 

We have conſidered the hand as the chief feat of feeling in 
the human ſpecies; its form is admirably adapted to this purpoſe 
by the nature of its graſp; and as it brings ſeveral points into 
contact with what it examines, it has ſo many additional chances, 
that it one ſhould err, the error may be corrected by the others 
Monkeys, which have hands, uſe them as we do, and by means 
of this member they become a match, for their adverſaries, and 
domineer in the foreſt ; for by this they wield a ſtick and beat 
their enemies, or, ſtanding out of their reach, by his they pelt 
them with ſtones; ſo that the elephant himſelf is obliged to re- 
linguiſh the field, to a foe that ſtrikes, yet is too diſtant to be 
ticken. There is alſo a claſs of monkeys whoſe ſeat of feeling 
is in their tails; with theſe they will often catch animals, &c. 


and by twiſting it round them, prevent their eſcape; by this too 


they will ſwing on the branch of a tree, ſprawling the reſt of their 
lweet perſons in all manner of attitudes, with great activity, — ſe- 
cure from falling, while ſuſpended by their tails : they will alſo 
throw themſelves from the top of a high bough, and while falling, 
vith their tails.claſp a lower one, from which they dangle, grin, 
and chatter. The ſeat of feeling in the elephant is his trunk, 
and he poſſeſſes this ſenſe in no trifling degree; with this he 
will pick up a very ſmall object, and with this, when provoked 
he will-inflict terrible blows. As to birds, it is ſomewhat diffi- 
cult to aſſign any [pecitic part as the ſeat of feeling in them, or to 
determine whether thoſe which have remarkable nerves in their 
bills, do really ſelect their food by the fmell or by the touch. 
On the whole we infer, that the nerves are the medium of 
feeling; that they are uſually diſtributed throughout the body, and 
Kherever motion is carrying on, of which they are probably 
the agents; that without nerves is no ſenſation: where the 
ucrres are few there 1s little ſenſation; where they are numerous 
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ſuperficial, or capable of intimate contact, ſenſation is conſtant, 
lively, and powerful, Even acceſs of air makes conſiderable im- 


reſſion on them, and muſt be prevented. Nerves are capable of if v 
injury, alſo of reſtoration. They ſpread where arteries and veins WY noit d 
Oe their courſes (as in extraneous ſwellings), and are greatly at ine 

| affected by irregularities, which would be little felt in other parts ad an 
| of the frame. 5 455 | ie hn 
In the laſt remark, I allude principally to the effect of mental ud no 
paſſons on the nerves ; which afford many curious, but inſcru- e mui 
table phenomena. Joy tightens and braces the nerves, renders WW j:0ot « 
them agile and lively; anger ſtill more, and is even ſaid to lizh- WMWirurs, is 
ten the weight of the body by many pounds. Sudden joy has WWbiscra, 
been fatal, —perhaps by detaching too much of the necellary WW innac! 
fluid—paroxyſm of rage no leſs. Grief debiliates the nerves ; re- WW i eye 
laxes and weakens them; therefore grief is an enemy to life. Per- ion; 
haps, as ſome paſſions draw away (exhales) too much of the ani- be pre 
mal ſpirits, others may prevent the paſſage of a ſufficient quantity, WWation 
and thereby clog and encumber theſe delicate parts. Extremes cum 
either way are dangerous. e Ns snd: 
X Whoever would have his nerves clear, active, and in proper WW: trac 
tone, Jet him command his paſſions, keep his fnind cheartul, dons of 
and avoid anxiety and gloom. But, on the other hand, diſſi- of Etne 
pation is prejudicial to the nerves; flights and vagaries are no burs b 
leſs injurious than melancholy depreſſion. Habitual peace of Muy the 
mind, habitual ſelf-controul, much induſtry, and a little vanity WWin: do! 
(fat mixtur a-ſecundum artem) is an excellent preſcription tor bird. 
prevention of nervous diſorders, | bon tre 
£4 um P 
ab 
ch, 
EY RE 1 6 AR o . 
| | ent to 
| ange 
Or SEEING. one 
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OU laſt diſcourſe related to a ſenſe whoſe exerciſe was con» We ons 

= ids 


fined to a narrow compals, and incapable of acting at a diſtance ; We 
but, within its proper limits, exactneſs and perſpicuity amply W 
compenſated for the abſence of excurſive powers: at preſent'our W 
attention regards a ſenſe which exhibits many qualities reverſe 
from the former. Unlimited in its excurſive faculty, unconfined W 
in its range, but ſubject to illuſion, and eafily deceived, ſuch is 
the ſenſe of SEzING ! one of the moſt wonderful inſtances of 
divine operation; a ſenſe not beſtowed on every creature, not W 
laviſhed on any, poſſeſſed in very different degrees e F 


* 
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zo farther, offering great variation of powers, and capabilities. 
if we aſk, in what rank of creatures fight is more extenſive, 
not determinate and accurate, moſt powerful, and ſubject to 
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cit indifpoſition ? we muſt refer at once to the tribes of birds; 
nd among theſe, it ſhould ſeem, to birds of prey. Its true, 
the lynx among quadrupeds is proverbial tor keenneſs of ſight, 
nd not without reaſon; yet, in extent and accuracy of viſion, 
ke muſt yield to many birds. We ſhall inftance the eagle in 
boot of our poſition. The higheſt elevation to which an eage 
WY (ors, is I believe unknown: but wen whe confider that he inha- 


77ͤ ͤðüu 1; Ae okl Dt Log 


innacles, that from theſe he riſes up to heights which fatigue. 
OY ic ce to trace him, if he does not totally diſappear from obſer- 
aon; we are eaſily induced to admit, that a much more exten- 
e proſpect opens to has view, that any quadruped is ever in a 


aon to ſarvey. What a vaſt ſweep ! what a wide extended 


EY ircumterence lies before his inſpection! If, when we aſcend. 
= n0.vden's top, we ſee adjacent countries lying as in a map, 
ie trace the courſes of rivers, the coaſt of an itland, the dimen- 
ions of a ſea, the rocks of a remote kingdom ;—if, from the top 
if Etna, we behold the glorious ſun riſe in reſplendent majeſty 
ours before he viſits parts beneath us; to how much farther 
Jy the ſight of an eagle extend, and how many provinces, and 
WY in:doms, and ſtates, may his view inciude |! | 
birds which do not riſe high, by their facility in mounting 
bon trees, enjoy an enlarged horizon: thoſe of the long-necked ' 
m poileſs no ſmall advantage, in having the 1eat of ſight ſo 
above the level of the plain: this appcars in the oftrich, 
ich, inhabiting deſerts whoſe barrenneſs admits no impedi- 
WJ"! tv his view, by means of the elevation of his head, enjoys 
ange or viſion far exceeding that of any creature naturally 
one. 8 5 

ent of viſion, and accuracy of inſpection, are confeſſedly 
Wn: qualities; it is therefore natural to inquire if theſe birds, 
BY” birds in common, diſtinguiſh objects at heights in any degree 


; | leet, only reaſon by analogy, and conclude from circum- 
cs. Myſelf a wren, not an eagle, I preſume not to determine 


why, 3 Wan \ a ww Uo 


| Nat a hawk, a kite, and other birds of prey, when g pearing as : 
e ſpecks amid the clouds, will, with unerring aim, ſeize the 
ler on a buſh ; that water- fowI will diſcover fiſh at confider- 
* 5 Ze able 


r 


bes of animals, and among mankind alone, were we to look. 


WY biscrags of thehighett chs, and towering ſteeps of mountainous, 


3 wrelpondent to what we have mentioned. We can, on this 


WY” the ſupreme of birds; but this is certain, that from heights * 
E Men he 1s to us inviſible, an eagle will dart down on his prey; 
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able depths in water, and the gannet, or ſolan gooſe (which is 117 
ranked among the Boie), & will ſoar to a valt height, then WM .... 
darting headlong into the ſea, make the water foam, and ſpring = 4 975 
up with the violence of his deſcent;“ and, though a booby, 0 1 
ſeldom or never mils his finny prey. But it mult be. owned, either ite 
that he diſtinguithes little or nothing beſide his prey, or that WY 1; 
his other booby qualities exceed the impulſe of fight; tor “ one ger 
of theſe birds flying over Penzance, and ſeeing ſome pilchards bet 
lying on a fir plank, in a cellar uſed for curing . fiſh, darted itſelf ven 
down with ſuch violence, that it ſtruck its bill quite through the (for t 
board (an inch and quarter thick), and broke its neck.” By hee 
ſuch a trap they are often caught by fiſhermen. But this ſharpneſs WM 1... 
of fight is notconfined to birds of prey: domeſtic poultry, eſpecially WM yery ; 
when engaged in the charge of their young, are equally obſervant. s 
A turkey hen, for inſtance, will give the alarm to her brood, ders 
and keep them in concealment for an hour together, when, nge 
with all our endeavours, we can ſcarce diſcern the bird which WY ..;... 
occalions her terror. BE 118 .. 

I think it clear, after theſe relations, that quadrupeds cannot ;.... 
vie with birds in the faculty of ſight; neither indeed, have they bt 
occaſion for it: for, beſide being confined: in the ſweep of their YI ;..... 


viſioni there are numerous obſtacles on a level with it, through 
which no fight can pierce; in a foreſt, the ſhadowing thicket, W 
the deep glen, and embowering branches; in cultivated lands, 
the bank and the hedge, if no other hindrances. On extenſive W 


to Bur 
lizely 


Fd - 
el 


deſarts, indeed, animals have more occaſion for keenneſs of ;.... 
ſight ; and certainly that of the antelope is very lively. bene 
Me regard fiſh as having the ſmalleſt ſhare of feeling; we are bone 


not equally certain whether they have the ſmalleſt ſhare of ſight. 
It ſeems indeed probable, that in ſo denſe a medium as water, hs .. 
eſpecially when foul, or agitated by ſtorms, the rays of light, I 
being greatly obſtructed, ſhould conſequently be incapable of ye 
depicting images remote from the original object. If this be chere 
true, and if the impulſe of light ſuffer conſiderable diminution BY ... :. 
even at moderate depths (which is likely, from circumſtances YI fei 
noticed in a diving bell), then the bottom of. the ſea, Where ends 
very deep, is cloſely allied to the ſhadow of darkneſs. It ſhould al, 
ſeem to be, in reality, occupied by creatures to whom abundant make 
light were uſeleſs; who living on prey which comes within he! 
their reach, rather than ſeeking after it, were obliged for their "I 
maintenance at leaſt as much to feeling as to fight. Fiſh of the = ſound 
active kinds, though occaſional vifitants below, may nevertheleſs fein 


part / 


be attentive to what paſſes above ; atleaſt we are ſure, that ſharks ; 
will riſe from great depths to ſeize unhappy {ſwimmers ; * i 
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ir ſometimes ſeen, from as deep as our eyes can diſcover them, 
mking right for the object of their purſuit, as if they had long 
hd him in view. Many kinds of fifh are void of every appear- 
ce of organs for the exerciſe of fight : others, though not void 
of organs, feem to poſſeſs but feeble and indiftinct preparations 
for the Tenſe, and to enjoy the ſenſation in a very inferior and re- 
fricted manner. | SER rr , 3 
e have hinted at the 2el-ſcopic fight of birds, whereby they 
dern very remote objects; let us now confider the microfcopie 
ſcht of inſests, whereby their viſual powers are {trengthened and 
multiplied beyond conception. I imagine that infets in general 
(for there are exceptions ; fee but to a ſmall diftance, a few feet or 
inches, before them: but within the reſpe tive diſtances, which 
| nay call the range of their viſion, I fuppoſe they ſee obje-ts 
very diſproportionately magnified ; that a hair is to them as a tree 
to us; that their fellows in their eſtimation, equal our erena— 
diers, and often are perhaps gigantic ; that their cells are mag- 
niſicent palaces, their enjoy ments on a great ſcale, replete with 
convenient elegance, in the immediate taſte ; and what not? 
Railery apart, I incline to think, that the lower we deſcend in 
le and apparent powers, among the tribes of inſects, the greater 
we ſome of their properties; and as, by actual difcoveries, we 
know the principles of optics to be unlimited, it ſeems not abſurd 
to ſuppote their higher degrees are beſtowed where intenſity ſeems 
Izly to compentate for the abſence of generality. If I 1ecoliect 
nicht, the famous LEUENHoECK attempted to uſe the eye of an 
niet for a microſcope, and found it an amazing magnifier, — 
trough he could. mot readily adjuſt it: but if their foo bear a pro- 
portion to them, as that of larger animals, what muit- be the 
power of that inſect's eye, who is himſelf the -i ty thonſundih 
part of an inch in length, that he may ſelect and chace his prey! 
lis antomical maintenance | : | 
here is a ſtrange power attendant on ſight, which, if we may 
rely on ſome averred facts, is remarkable in the rattleſizake, that 
charges its prey into its mouth. The inhabitants of Penuſylvania 
we ſaid, to have frequent opportunities of obſerving this ſtrange 
lalcination : "The ſnake is ſeen baſking at the foot of a tree where 
birds and ſquirrels make their reſidence. "There, coiled upon its 
tall, its jaws extended, and its eyes ſhining like fire, the rattle- 
Inake levels its dreadful glare on one of the little animals above. 
The bird or the ſquirrel, too plainly perceives the miſchief meant 
It, and hops from branch to branch, with a timorous plaintive 
found, wiſhing to avoid, yet incapable of breaking through, the 
alcination :; it continues for ſome time in feeble eftorts and com- 
Pe NT — bet Hol plaints, 
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as they exprels it), and their ſenſes fail them. Very ſteady fixure WM 


confuſes the mind for a time, and often occaſions ſwooning. I re- 


* 


plaints, ſtill approaching lower and lower toward the bottom of the 
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tree, untill, at laſt, as if overcome by the potency of its fears, it 
jumps down directly into the throat of its frightful deſtroyer. 
This, if true (for it is debated), is wonderful: yet perhaps not 
altogether incredible, when we recollect the power of the eye 
among mankind. Hags, and witches were formerly accuſed of 
injuring their neighbours by C evil eyes,” whoſe Pr 0e ſpeils W 
defied the remedies of phyſic. In our days, much greater effects 
of irreſiſtable faſcination accompany the glances of eyes bright and 


ſparkling: not theincantations of Medea or the conjurations of 
Circe, ever equalled in charms the eyes of an aſſembly of Britiſh 8 


Ladies. | | ol 
Without appealing to unhappy, becauſe guilty, inſtances of 


Faſcination by the power of the eye, I ſhall hint, that very forci- 


ble ideas are unqueſtionably received by this organ. A perſon M 
ſtanding very high (on a ladder, ſuppoſe ) is fate while he looks 
ſtraight forward, but is in danger of falling, if he looks down, 
Thoſe unuſed to ſcaffolding, find their heads become giddy ( /wm 


8 
Fe 


of the eye, while a perſon is in progreſſive motion {as-in a boat) We 


collect a melancholy inſtance, of a young lady on her voyage to W 
India, who ſtanding in the ſtern-gallery ot the hip, and very ear- WM 
neſtly watching a ſhark Which was baſking in the water, by ſome WM 
fuch deliquium actually fell from the gallery into the water, and W 
became his prey. Aſtoniſhment uſually enters at the eye, and often 
ſeizes the party ſo ſtrongly, as to ſuperſede the power of motion. 
In fact, if we regard a creature which alarms us, we look at his 
eye (and a lion is affirmed to be vanquiſhed by the ſteady aſpect WM 
of the human eye), or if we conveiſe With a friend who delights WM 
us; we look at his eye, or if we with to attract the notice of ano- W 
ther, whether at a little diſtance, or not, we look at his eye. In M 
fighting, we watch the eye of our adverſary. In civility and W 
courteſy, in affection, and eſteem, the eye is the organ of our? 
ſtudy. It ſeems to be a principle acting at a diſtance, as well at- 
tractively, as repu:fively, but whether to the degree affirmed of 
the rattle-ſnake, I will not aſſert. In our own country, the fox 
is ſaid to bring down a cockor hen from the rooſt, merely by the & 
ſteady glare of his eyes, confuling by his ſtare (for ſo I account tor W 
it) the creature on which he fixes his ſight ; and this well known 
fact ſeems to ſupport the hiſtory of the ſnake. +: 

Sight is not generally diſtributed over the frame, as we obſerved 
of feeling, but is reſtricted to certain organs; yet becaule re- 
ſtricted, it is not therefore ſparingly beſtowed, I do not m_ 3 


/ 
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ect any animal poſſeſſing one eye only; ſight, where neceſ= 
ſary in any degree, is more or leſs indiſpenſable therefore, 
to provide againſt its deprivation by accident, benevolent wil- 
dom has contrived, that it ſhould not be totally loſt at a ſingle 
llroke: likewiſe, as demonſtrating its indiſpenſibility, it is 
varied in powers, according to the ſituations of creatures; in the 
conſtructions and numbers of the organs engaged, in their poſi- 
tions, in their properties. It is true that certain water inſects have 
been named mornoculi (one eyed), yet on repeated examination, 
their apparent one eye is found to be compoſed of four. The {cat 
of fight is in the head, for reaſons which we formerly hinted, as 
being more immediately connected with the ſenſorſum, where 
the united teſtimony of the ſenſes contributes to mutual correction; 
and, in moſt animals, that it might enjoy the advantages ariſing 
from the elevation of that part, and from the powers of extenſion 
belonging to the nec. 5 1 

Is ſight accurate, or inaccurate? When compared with the 
determinate judgment of feeling, fight muſt be confidered as li- 
able to frequent deception ; it is reaſonable to ſuppoſe, that what 
includes objects ſo numerous, ſo varied, fo remote from each 
other, capable of endleſs combinations, and intricacies, ſhould 
' ſometimes be miſtaken, What admits all at the ſame time, and 
tranſmits ideas of each at the fame inſtant, may be pardoned, if 
it form incorrect opinions on fome. That multiplicity ſhould 
include error, and prevent diſcriminating accuracy, is not ſurpri- 
ing, eſpecially when we recollect the medium through which this 
ſenſe is required to act the diſtances to which it extends the 
imilarity of ſome objects to others, and—the arts of ingenuity, 


whoſe ſtudies have been uniformly directed to the delight, by 


deception, of this particular ſenſe. 

But there are alſo inherent inaccuracies belonging to this ſenſe, 
and refulting trom the number and nature of its organs. From 
the number of our eyes, we may, without hefitation, admit that 
we ſee objects double, i. e. that each eye tranſmits to the ſenſorium 
an idea of the object ſeen. We find alſo, that each eye does not 
lee preciſely the ſame points of view as its fellow ; for by merely 
taking advantage of tome ſteady object near us, and ſurveyin 
firſt with one eye, then with the other, what may be called its back 
ground, we perceive the apparent place of the object changes, 
and a conſiderable paralax enſues. In fact, by the relative fitu- 


EE ” the eyes, we ſee as it were, partly round, what we 
INpec | | 
1 — 


Beſide this, there is in each eye, a ſpot deſtitute of viſion: 


CHESELDEN relates the hiſtory of a gentleman, who having lolt 
5 * LS WY | one 
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elſewhere ſuggeſted a few other particulars wherein fight is Ha- 
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one eye; in paſſing through a hedge received in the eve remainine 
Bred : | T** ba 


a wound from a thorn, in that particlar ſpot where it was to tl. 8 
ſingleſcye inviſible, though it would have been viBb)e tb the Other 
eye, bad he pofleffed it. This circumſtance proves the mutual 
„„ DU the eyes tofeathior hart” 2 GR I 
Another imperfection of ſight is, that objects are actually [ec 


_ Inverted;; rays from thoſe above appear below, rays from thole | 3 
| below appear above, correſpondent io the effects of certain Kinds 


of lens glafles, or to rays paſſing through a crevice into a dark 
chamber: and 1 think I remember a tory of an idiot, who % co 
all his figures tot ſz-turvy, not having accurately corrected this 
ſenſe by the uſuage of others. 1 | 
Nor is tight capable alone, of determining diſtance, or judg- 
ing of magnitude; all rays of light which enter the eye, have 
equal effects in painting there a picture, that picture therefore is 
deceptive, til the judgment is regulated by repeated information 


from other quarters. This is notorious in children, 'who conſider W 


all things as within their graſp : and with regard to very extenſive 


diſtances, ' as thoſe of the heavenly bodies, fight is always inac- Wa 
curate in its eſtimation. The rainbow 1s a deception of fight, MW 


whoſe principles we have explained; no fuch coloured arch actu- 
ally exiſts in the cloud, but is illuſory, nor are lefs illuſory the 
ſparkling rays which in the dark ſurround a candle, a ſtar, or 


other luminary. Theſe irradiations are accounted for, by con- 
ſidering the number of rays which paſs through the eyelaſhes, W 


and are by them divided into parcels, or reflected from the eye-lids, 


ot which only fome reach the ſeat of viſion : any tube prevents Wi 


them, by preventing the acceſs of fo many falſe rays; or they 


may be checked by a pin-hole in a card. In fact, they only ap- 


pear at a diſtance; on cloſe inſpection, we are convinced ot their 
non-exiſtence; they are deceptions of fight. 
here are other deceptions of fight, which are very rare, and 
highly curious; ſuch is the fairy Morgana of Sicily, in which 
the tea aſſumes the appearance of fields, mountains, cities, and 
a variety of objects unlike itſelf : we have an account of fimilar vi- 
ſions ſeen in Greenland, —a climate ſufficiently different from that 
of Sicily. Lheſe are underſtood to be reflections from the atmo- 
ſphere (at that time unuſually denſe) of whatever objects are be- 
hind the ſpectator, even trees, animals, &c. But ſimilar ap- 
pearances ſometimes arife from the peculiar ſtare of the atmot- 
phere through which they are ſeen, and theſe ſtem allied to mock 
ſuns, halos, and other (leemingly) celeſtial phenomena, which, 
like the former, are not realities, but viſionary illufions. I have 
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dle to deception: as in the courſe of a ſhip, when 280 around 
us furniſh fallacious comparative proportions, lamps at a 
aiſtance ſeen in obſcurity, and ſome others. I heſe we introduced 
in our ſecond ſetof Lectures on the Arts of Defign« bed 35 

We come now to the MoDs of Acro, adopted in the ſenſe 
of ſeeing :» To undex{tand which with more effect, we mult re- 
collect ſomewhat of cur remarks on the nature of Lights by: Whaſe 
agency this ſenſe is enabled to act. 

We conſidered light, as an extremely Cola. e Ain 
ated, out vigorous fluid, whoſe impulſe though'infſenfible!/to. us, 
yet produces very remarkable effects. This fluid is weakened 
by divergence of its rays (as in the inſtance. of the moon light}, 
but is ſtr engthened by their convergence. Add to this, the ſelk⸗ 
evident power of contraſt, and we baun the principles on which 
the eye is conſtructed. 

Contraſt, you know, heightens by i its oppoſition every aft 
black upon white is blacker, white upon black is whiter, red 
upon blue is redder, blue upon red is bluer, than without ſuch 
oppoſition this conſidered, we inter, that to give light its 
full force, it muſt be contraſted by darkneſs. The ſeat of fight 
is therefore placed deep, in a hollow, where darkneſs may natu- 

aily be expected; thereby rendering a little light more eiern 
han much in open expoſure. 

Light, at that degree of ſtrength which favrounds us, We LA 
no reaſon. to think is capable of affecting any part, even of the 
tende reſt nerves; it muſt therefore be converged, or condenſed, 
or ſo conducted, that more than a natural proportion of rays 
[041d unite, in forming the requiſite impreſſion ;. and this 1s 
the mode adopted by Infinite Wiſdom. A certain number of 
ys (ay twenty) would naturally ſtrike againit the eye, and 
enicr it; but, if theſe when within the eye are, by any means, 
directed to fall on a ſurface equal to only one twentieth part the 
[pace through which they entered, it is evident their ſtrength is 
twenty times What it would have been, had they continued as 
they originally were: I tay, they atlect the part they ſtrike, 
twenty times more ſtrongly than common light. This is fo no- 
torious in the caſe of teleſcopes (and the eye is a natural 
teleſeope), that it needs no enforcing; 

et us now examine a little the mechaniſm of the parts which 
produce this effect. We have ſaid the feat of ſight Is deep; in 
hat, the eye is placed in a bony orbit, which alfords at once 
ſcurity and convenience. This orbit is filled with a looſe fat, 


* 


Ba ſoft mediuin for the eye to reſt on, forming alſo a properly- 


Maped, but not inflexible, ſocket for! Its motions. In the upper 
and 


and outer part of the orbit is ſeated the lachrymal gland, Which 
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furniſhes a water to cleanſe and moitten the ſurface of the eye, 
which we often prend, by cloſing the eye-lids: though without 
that deſign. I he eye is orbicular, for readier motionevery way. 
The firſt membrane of this orb covers the white of the eye, and 
allo lines the two eye-lids : by thus returning, it eloſes up all 
paſſage to the back of the eye. As part of the internal contenis of 
the eye is liquid, it is ſurrounded by a ſtrong cafe to encloſe them 
ſafely; this is in one part tranſparent, and is there called the c- 


nem, but elſewhere the /c/erotica. Under the cornea ( or horny 2 
tranſparency) lies the iris, which is kn opake membrane, differ- "Rap 
ing in colour in different perſons : the middle of the iris is per- — 
forated, and this perforation is called the pup]; immediately uf 
under which lie the ciliary proceſſes, in radii, whoſe contrac- W i" 
tion dilates the pupil, whereby it tranſmits more light. The "i 
Pupil cloſes (to exclude light by the circular fibres of the iris, M 18 
its proper membrane. Under the ſclerotica is a membrane called ve 
choroides; and under the choroides lies the re:7na,. which is an M 5 
expanſion of the optic nerve, like net- work in appearance, upon W be 
which the rays of light ſtriking, produce the ſenſation of ſight. W $9 
In the meinbranes mentioned, we find no preparation for con- "op 

verging the rays of light, without which we have aſſerted its mp 
inſufficieney; theſe we diſcover in their contents, which. are, T 
three humors; the aqueous, the cry/alline, the vitreous, The 5 
firſt not only defends the ſecond, but ſerves as an aſſiſtant to its % . vs 
motion The cryſtalline (rather ſolid than liquid) is in ſhape a 8 
depreſſed ſpheriod. The vitreous humor lies behind the cry vet, 
ſtalline, and fills the greater part of the eye, 2. e. from the inte- din. 
rior ſurface of the cryſtalline, to the retina, Let us now exa * hs 
mine the uſe and properties of theſe humors. | WY nic 
Light, we obſerved, when entering a denſer medium from "op 
that in which it was moving, was attracted, and drawn out ons for © 
its courſe (as out of air into water or glaſs) ; this effect it expe- add 
riences, when ſtrik ing on the cornea, whoſe refraction equals i. ei 
that of water (four to three): here is a firſt advance toward con the . 
vergence of the rays of light; but this ratio carries its focus le pect 
zond the retina, where only it can be efficacious: therefore befor 
the cryſtalline converges them cloſer, and they are yet mort Ws 
preciſely directed by the vitreous humor, till they fall exactly that” 
on the retina in their full force, and produce a perfect fight I ; 


There are perſons whoſe fight is imperfect, by reaſon of tha of d 
rays of light forming a focus before the retina, as in other 


* . . . . - 8 to re 
perſons their focus is behind the retina, The retina beine thei: 
as we ſaid, an expanſion of the optic nerve, tranſmits its the 1 
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impreſions'to that nerve, and thereby to the ſenſorium. If, as 
we hinted in our laſt Diſcourſe, every part has its nerve, ſhould 
ve not rather ſay the retina is compoſed of thoſe ſmaller nerves, 


nerves tranſmit each of them its intelligence to the ſenſorium, 
where their effect is united? May we hereby account for the 
eriſtence of thoſe ſpeFra, or images cf objects ſeen after we have 


remarkably attendant on Juminons objects. * 

his accurate and curious contrivance has ever excited won 
ler and admiration : I have no need to expatiate on ſuch becom- 
ing ſentiments ; to genuine good ſenſe and reflection, fuck ſen- 
tinents ariſe naturally, and with greater effect than thoſe fug- 
geſted by art or declamation. Yet give me leave to remark 
ſome of the mot ſtriking peculiarities attendant on the eye. 
1. Sight does not depend on our wills; while our eyes are open, 
we muſt fee : but, if inclined to forego this ſenſe, we have the 
power, by clofing our eye-lids. It ſhould ſeem by this proviſion, 


molt active of the ſenſes ; for the ear remains open, yet we ſleep, 
and ſometimes, feeling not carried to pain, ſcarce awakes us: 
but the eye ſeldom opens without routing the whole perſon. 
2. The inſtinctive attention of the epe-1id, to cloſe and defend the 
important organs of this. ſenſe ; this inſtantaneous motion, is 
periormed before any commands to that purpoſe arrive from the 
ſenſorium. Happy for us, that hereby thoſe leſſer and ſcarce 
vith'e motes, which almoſt elude our fight, are prevented from 
doing that mifchief which otherwiſe they might. 3. "The regu- 
ar and ready adjuſtment of the pupil to that degree of light 
which ſurrounds it; this alfo is involuntary, and proceeds with- 
out our determination; but not ſo rapidly as the former principle; 

pr out of darkneſs entering ſudden light, or out of light enterin 
aden darkneſs, we find ourſelves for a little time unfit for ſight 
in either. 4. The happy adjuſtment of the interior humors of 
the eye to the diſtances of objects, or to that intenſity which in- 
ſpection of them requires. 5. The projection of the cornea 
* before the true ſweep of the eye-ball, whereby an enlarged extent 
et viſion is gained laterally, without injuring the accuracy of 
16 that which is direct; alſo, its hard, though tranſparent ſub- 
EY ftance, whereby it is leſs ſenſible of injuries, and more capable 
of defending the aqueous humor behind it. It is obvious alſo, 
to remark the well fortified ſituations of the organs of ſight ; 
their almoſt furrounding bony defences ; nor are leſs remarkable 
te number of muſcles employed in the motions of the eye, 
| | above, 


% 


which in the optic nerve appear as one bundle, and theſe'ſmaller _ 


excluded the objects themſelves, by ſhutting our eyes? an effect 


which, when about to fleep, we always employ, that ſight is the 
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above, below, around ; thoſe to the eye-lids; the conſtru Aion, 
ſituation, and uies, of the eye-laſſes alſo demand acknowledg- 
ment: in fhort, whatever contributes to the action or to the 
perfection of this ſenſe, is extremeiy ſagacious in contrivance, 
accurate in effect, and happy in application. | 
Such are the general principles of fight : that they ſhould be 
adapted to various ſervices, might be expected, from the wiſdom 
apparent in their very exiſtence. For inſtance, the pupil is 
round in men, and in animals which are the prey of boch birds 
and beaſts, this form permitting viſion every way alike ; but, in 
graminivorous beaſts, that are too large to be the prey of birds, 
it is oblong bor:zontally, which enables them to view a large 
fpace on the earth; while cats, &c. which climb trees, and prey 


as well on birds as on animals that hide in the earth, have their W 


pupils obne perpendicularly, as fitteſt to look upward and down- 
Ward at once. Fa: | 77 

In men, the choroides is of a ruſty dark colour, abſorbing the 
rays of light, and preventing reflections from it, which might 
confuſe regular viſion; but beaſts of prey have this membrane 
white, and by its reflections are enabled to fee with little light. 


Brutes, which feed on graſs, have this membrane of a bright 


green; and this makes graſs more ſtrongly viſible to them. WW 
bed: 


"Their fight is diminiſhed in general accuracy and truth, but is 


augmented in ſtrength toward certain objects of prime neceſſity. W 


Birds have, no doubt, ſimilar variations: ſome are provided 
with an external membrane, called membrane nictitans, which 


covers the whole eye: this not only defends the parts, but pre- 
vents the ill effects of that glare of light to which they are often 
expoſed; and this varies, ſomewhat like the form of the pupil, W , 
BY it kn 


as juſt hinted, Some creatures have a membrane above, and 


another below, which, meeting in the middle of the eye, may 3 
either quite cloſe it, or leave a crevice for the paſſage cf licht; 
others have only one membrane at top, or at bottom; and in 


ſome it is placed on one fide. The claſs of birds, which fur- 
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nithes inſtances of ſight wonderfully accurate, furniſhes others, e 0 


which are ſo tender-eyed, that open day. confuſes them. I WY" i be 


ſuppoſe that owls, and other nocturnal birds of prey, are in cht o 
much the ſame circumſtances (in greater degrees) as beaſts of 
prey: the ſame reflections of rays, the fame colours of parts, 
the ſame repetitions, which enable a little light to be ſufficient 
by night, are diſtreſſing by day, and tranſmit a huddled variety 3 
of images, all indiſtinct and perplexing. No wonder then that W 
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an owl by day-light will fit on a tree, ſurounded by ſmall birds, 2 bore; 


and ſuffer all manner of indignity, without attempting to defend 


oed 
himſelf WM 
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tinſelf, unleſs winking, blinking, and gaping, may be termed. 
Lefence: but, once come twilight, the cafe is altered, and woe to 
EY ic negligent bird that remains within reach. Are not owls, &c. 


bed, by this circumſtance of viſual difability, to ſeek refuge 


BY i (:queitered darkneſs during day-light ? May ſomewhat like 
this, account for thoſe perfons who can ſee well only by moon- 
lioht ? | | g N 8 | 15 

"To proceed: the chryſtalline humor is capable of a little 
rariation in form, and actually is varied, when we look at ob- 
ſetts very remote, or at others near. It is ſaid alſo, that fiſh 
power this humor when out of water, and elevate it when in water. 
May not. high-foaring birds do ſomewhat of the ſame? This 
humor in fiſhes ſeems to be a perfect ſphere ; by this form com- 
jnfating for the nearneſs of its refracting power to that of water. 
fiſh have their pupils larger than land animals, in order to ad- 
mit all the light poſſible. 

We ſhould remark of the optic nerve, that it does not enter 
the eye exactly centrally, but nearer to the noſe; which is of 
manifeſt advantage, for had it pierced the eye in the axis, the 
niddle point of every object had been inviſible, and where all 
lings conduce to render viſion perfect, there we had not en- 
EF ojed vilion at all. The nerve to each eye is ſuppoſed to tranſ- 
WY nit the images of objects ſeen; it is no ſingular caſe for diſeaſe 
o produce double fight, which is long in cure. Tue optic nerves 
uch ariſe from oppoſite ſides of the brain, and croſs each other 
ichout uniting: theſe creatures being incapable of ſeeing the 
eme object with both eyes. Probably the eyes are entirely in- 
eependent of each other; the reafon for the nerves croſſing is 
ot known, 5 „ | Sek 
me have heretofore hinted. at the variation, in number, of the 
EgC:ans of fight among creatures ; from ourſelves, which have 
WY but two, to inſects which have thouſands. We know little of 
EY nſcct viſion, beſide what I have offered, or of what ideas they 
Ine of objects who ſee ſo many at once, or whether they know 
so be but one ſeen repeatedly : we are ignorant what effect the 
cbt of objects, by the different aſpects of his two rolling eyes, 
ls on the cameleon, who looks at once forward and backward, , 
ward and downward, directing one eye this way, the other 
BY bat way, We are ignorant of much that relates to this ſenſe; 
u we obſerve, that the eye is conſtantly fo placed as to obſerve 
bod, and to warn of danger. Flat fiſh expect enemies from 
ove; on their upper ſide then ſtands their eye: inſects are ex- 
oed all round; their eyes, therefore, project greatly before 
4 lr head every way. In _— their heads of fome feem - 
2 | almo 
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130 * PROPERTIES OE ok 
almoſt all eyes, that ſome or other of their /ights may do its duty, 


and tranſmit the image of every object. 


There is little need of an eulogium on the ſenſe of ſight; our 
perpetual uſe of ir is its higheſt eulogium : without it, what were 


the celeſtial tinted atmoſphere around us, what the veidant 


carpet our natural reſidence, what the bright beams of morning, 
or the glowing tints of evening; what the yet brighter beams, 


and more glowing tints, where Nature's utmoſt art perfects the L 


principles of colours ; by contraſt, yet union,—of delicacy with 
depth, of indetermination, with preciſion; by choice—of pleaſ- 
ing tints, | heightened by variety, and by purity ;—in vain, with- 


out ſight, were BEAUTY of form or colour; vain were the charms 


we moſt admire; ard were theſe vain, what were grateful? or 


light. 


T WY Wo 265, it 0 © 


Or HEARING. 


THE advantages of Votce are highly important and benefi- :] 
cial: by this, faculty we expreſs the ſentiments of our minds, the | 1 
ſenſations of our perſons, joy or ſorrow, exultation or grief. The 


tender accents of love and friendſhip, of ſympathy and compat- 


fion :—the fierce howls of rage, of diſappointment, of deſpair, 5 
are diſtinguiſhed by their influence on the voice; but of what Wi 


ule were voice without an auditor ? 


— Hearins is jultly reckoned among our moſt valuable poſſeſ- 
Hons, it is indeed leſs extenſive in its range than ſight, yet fre- 


quently it ſurmounts obſtacles which hinder the exerciſe of that 


ſenſe ; and well for us it poſſeſſes this power] as thereby we receive 


important informations, which otherwiſe muſt eſcape us. 
Sound is the immediate object of hearing, and by its divergence 


extends in every direction, viſiting a thouſand auditors with the W 
ſame eate as one, and freely communicating tidings, wherever W 
attention excites the hearing ear. Sound travels rapidiy, and W 
in a few ſeconds of time relates occurences at a conlidera- W 
ble diſtance ; hence a ſingle bell alarms a multitude ; and hence 


th- report of a cannon is fraught with general information. 


Sight is the molt extenũve of our ſenſes ; hearing is the next : 
we ſee even to diſtant worlds, but we hear nothing of what 


paſſes there; for we can direct fight otherways, we can avoid 


regarding thoſe or other objects; nay, we can totally ** 8 


what could compenſate for enjoy ments loſt, in loſing the ſenſe of 1 
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al cbjets, and forbid their making the leaſt impreſſion on us; 
hut we cannot” forbid hearing; had we then been forced to hear 
what is totally alien from us, it would have been perplexity to 
no purpoſe. On the ſame principle, extenſion of this ſenſe be- 
yon the limits we find aſſigned it, would produce inceſſant con- 
fullon What a ſtrange medley of heterogeneous pra iples 
would fatigue us, what impertinent intruſions would diſtract us 
from our immediate concerns, were our hearing teo ſharp, too 
extenſive, or too powerful! The communicative whiſper would 


then be impracticable, and the very relation of a ſecret would 


detroy its ſecrecy. It might reſemble Sir Joan MAN DE 


11L.LE'Ss account of frozen words, in his voyage to the North 


Pole; theſe, when thawed by a change of weather, diſcovered 
ll the ſentiments uttered in the veſſel during the froſt, truly a 
ſw:et compoſition of vows, oaths, and execrations, repinings, 
wiſhes, and dilcontents—little debaſed by expreſſions of kindneſs, 
reſpect, or devotion. | ; 

Sounds are more or lets ntenſe 5 in proportion to their inten- 
ty they more forcibly agitate the ſurrounding atmoſphere ; a for- 
cle agitation of the atmoſphere extends its effects further than 


a bare feeble motion of that fluid; and thus we account for the 


(tance to which ſounds travel. That when this zrial impulſe 
is nearly ſpent, it ſhould furniſh a very weak ſound, is natural 
that wen we are nearer to the origin of the ſound, where it has 
ange ach little, and its impulſe is vigorous, it ſhould be ſtronger, 
2 20 BHatural: thus we account for the Hrength of ſound. 
is alſo a he:ghtening and deepening of ſound, as in the 
o muilc, where Gamut is the ſtandard Note: this is ex- 
by conſidering the relative Vibrations of the higher and 
10.7 15unds, The quickeſt vibrations (of a firing for inſtance) 
are the hight and ſhrilleſt tones; the ſloweſt vibrations are gy 
6: :aveſt, In ſtringed inſtruments, the lengths, magnitudes, 
a tenfion of the ſtrings, influence their ſounds. 

o produce diſtinct ſound, requires thirty vibrations in a ſe- 
cod Of time; leſs will not become audible, more becomes con- 
inſed ; extreme rapidity (as a thouſand vibrations in a ſecond} 
torins a mere whiz, or confuſion. . All ſound ſhould ſeem to 
originate from vibration. If a perſon paſs briſkly his wetted 
finger round the brim of a drinking glaſs, by its preſſure he will 
cauſe tremors or vibrations in the glals, which, in conſequence, 


wil. ſound, and continue ſounding, while the motion of his finger 


continues, and this may be carried to ſuch rapidity as to break 


the glaſs. The ſame principles account for the tones of wind 


inſtruments, which ſound by the vibrations of a column of air, 
3 contained 
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contained within them, and actuated by the voice or the breath, 
As in ſtrings, the ſhorteſt are the high notes, ſo in a flute, the 
ſhorteſt holes emit the higheſt ſounds. Whether ſound: really 
originates from the ſtring, or from the reaction of the air dil. 
placed by the vibration of the ſtring, has been doubted : pr oba- 
bly from the latter; hence the ſound of a cannon is ſo vehement, 
becauſe, the vacuum occaſioned by its firing, being nearly per- 
fect, the ſurrounding air ruſhing with great violence to ſupply | 
this vacuum, is proportionately agitated. Somewhat like this, | 
in miniature, occurs on re-admiſſion of air to the exhauſted re- 
ceiver of an air- pump. | N 

Do all creatures poſſeſs the ſenſe of hearing? Certainly not: 
yet in proportion to their numerous varieties, we conſider this 
ſenſe as a bleſſing rarely with-held. Creatures void of fight, Þ 
are often void of hearing alſo, which ſeems to be of little value, 
where the moſt extenſive ſenſe would be either uſeleſs or injurious. W 

It has been debated whether fiſh hear: but with regard to the 


major part of the active kinds, at leaſt, it is conſonant to reaſon A 
to ſuppoſe they do, as well becauſe we find organs ſeemingly W 
adapted to the ſenſe, as becauſe violent ſounds affright, and per- 


Haps /ock them. If I miſtake not, lobſters are ſaid to caſt their E 
claws at the noiſe of thunder, as alſo at the report of a great gun, 
which reſembles thunder; and a ſalute is faid to be a frequent 


threat by men of war to lobſter boats, when purchaſing thoſe WM 
fiſh, to inſure good ones. I think alſo, that few fiſh, if any, 
appear on the ſurface of the waves during a thunder-ſtorm ; and Wi 
beſide what has been ſaid of frightening a ſhoal of herrings, MW 
by firing a muſquet, it is certain that a ſtone, &c. thrown into 2 
Tivutet, out of fight of fiſh, will yet diſturb and diſperſe them. 
But we. muſt remember in what ſound conſiſts ; that it is a pulſa- 
tion of the ſurrounding medium, affecting our nerves with ſen- 
ſations which, tranſmitted to the ſenſorium, we call ſound ; fuch WW 
pulfations in water, proportionate to the denſity of that medium, Wi 
and to other circumſtances, probably affect fiſh, as aerial pulſa- WM 
tions do ourſelves. Water is known to tranſmit ſound, ſince WM 
noiſè made at a conſiderable depth, has been heard, in air, by 


thoſe who attended to it; as has been experimented by divers 3 


ſtrikingſtones together under water. = 
As to beaſts, we conſider them as poſſeſſing this ſenſe in dit- 1 


ferent degrees; in ſome it is extremely acute, and impreſſive, W 
and in fact is a ſubſtitute for thoſe exquiſite powers of other ſen- 
ſes, by which other creatures trace their prey. This we have F 
hinted at in the lion; we conclude, in general, that wherever 15 W 
voice, there is alſo hearing; birds of ſong, therefore, are _ 

* | | | ered W 
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lered as poſſeſſing this ſenſe in perfection, I mean great accu- 
ncy of judgment in determining upon tone. There is another 
kind of perfection, that relating to diſtance, which, probably, 
wppertains to birds of prey; and in this, I think it likelv, they 
are unrivalled. It ſeems ſcarce. probable, that the lion himſelf 
can hear ſo far as theſe kinds of birds. | 1 

But, though we ſaid ſong birds are extremely accurate in de- 
termining between tones very little higher, or lower, than each 
other (as we gather from their modulation of tones with great 
nicety), yet, probably, the human ear is the moſt exact of 
udges in this matter. Muſicians will diſtinguiſh between tones, 
which to unpractifed ears are alike, and blind perſons ſeſpeci- 
ly) often aſcertain by their preciſe judgment of ſounds, many 
things, perſons, or places, which to thoſe leſs attentive. require 
inpection. As inſtances of fallacious judgment in birds, Par- 
rots, Which are notorious for loquacity, will often talk to them- 
klves, and miſtaking their own voices for thoſe of perſons to 
whom they have been accuſtomed, will hold down the head, 
hold out a claw, dance, and do many other things, as directed 
by their own bidding. | | 

This reminds us of the utility ariſing from the providential 
liferences of voice, not only among mankind, but among ani- 
mals alſo, whereby parents diſtinguiſh their own young, from 
among many of the ſame race, and the young diſtinguiſh their 
parents. What ſlight, yet determinate, variations among our- 
ſelves contribute to this, are probably at leaſt as eflectual among 
animals. No two ſheep baa, nor two cows low; exactly alike ; 
nor do hens cache, or ducks quaack, fo preciſely fimilar that we 
cannot diſtinguiſh them, a faculty which no doubt their own 
young polleſs in much greater degrees. | 

The feat of hearing is fixed near the ſenſorium, for the fame 
reaſons as ſight is; and, like fight, it has more than one organ, 
as well for preciſion, and accuracy of information, as for ſecu- 
nity againſt its deprivation at a ſingle {troke. Many perſons are 
deaf with one ear, yet hear ſufficicntly well with the other. 

The principles, adopted in conſtructing the ear, are not 
totally different from thoſe adopted in the eye; in, both, the 
ſeat of the ſenſe is deep, and in both the active ptinciple is con- 
ber ged to a focus; but they differ, in that therays of light are con- 
verged directly (becauſe light paſſes in ſtraight lines) ; whereas 
the rays of ſound are conveyed by (and after) repeated reverbe- 
rations, becauſe ærial undulations extend all around, and act in 
every direction. The general conſtruction of the ear, therefore, 
is externally broad, extenſive and capacious, that it may collect 
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our ears, and have no means of excluding offenſive animacula 
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the ine gua non of hearing. They tighten, or relax, the mem- 
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as much found as poſſible; but it narrows by degrees, that de 7 
it may condenſe the found it has collected; not too ſuddenly, MW fon of 
that would ſhock us, nor too ſlowly, that were to admit the poſ. the pr 
ſibility of its being too late to excite the mind toward ſubjects re. ud ot 
queſting aſſiſtance. | IE be ke 
Following the progreſs of ſounds from the external parts of e 
the ear, to where they principally raiſe ſenſations, we find a What 
aſſage of unequal dimenſions, leading internally toward the el I 
brain; this paſſage is lined by a glandular membrane, which nous“ 
furniſhes what is called the cerumen or ear-wax, whoſe uſe is to MY)! the 
prevent the paſſage of inſects, &c. into the ear, and to keep the aint 
external air from injuring the parts of it; for as we cannot cloſe WM 5 
RIS 1V 
dange 
the ik 
from 
molp! 
ſervic 
one h 


(as the eye-11ds do from the eye), this bitter ſubſtance anſwers the 
purpoſe, and that at all times. | 

Proceeding in the auditory paſſage, we find the membrana tym- 
pani, or drum of the ear, which is a fine membranous expanſion, 
extended on a bony ridge, almoſt circular; this membrane does 
not entirely cloſe the paſſage, but has on one fide a ſmall aperture 
covered with a valve. I hough highly beneficial, to the ſenſe, MW 
this membrane is not the ſeat of hearing. Behind it is a cavity, 
containing three very ſmall bones, denominated from theirreſem- 
blances, as the hammer (mall-us), which is extended into the 
middle of the tympanum, and is at its other end articulated to a 
bone called the anvil (incus), which is alfo articulated by the 
intervention of anexceeding ſmall bone called orbiculare to a fourth 
bone, called the ſtirrup Mapes) ; theſe are uſually regarded as 


otten 
eonce 
Its un 
adapt 


brana tympani without our knowledge, much on the ſame prin- ittle 


Cate 


ciple as the pupil of the eye is enlarged, or narrowed, and much ; 1 
to the ſam̃e purpoſe. By extending the tympanum, the effect abe 
of alittle ſound is increaſed; by relaxing the tympanum, the force Wil ©" 
of ſound when too powerful is diminiſhed. From the cavity be- “ 
hind the typanum, is a paſſage to the mouth, through which ad, 
ſounds are, under certain circumſtances, tranſmitted to the au- * 5 
ditory paſſage, without the interpoſition of the tympanum. . 
This cavity alſo contains a portion of air. To the ſtapes or 7 
ſtirrup, belongs a muſcle, whoſe duty is to withdraw the ſtapes 1 
when directed, from a ſinall hole, which it otherwiſe covers; 0 
this hole, ard another near it, leads into a cavity called the veſ- | NUR 
zibule, connected with other cavities called the labyrinth; com- * 
priſing the cochlea, and the laßyrinthine canals, which (ie a Wl © 
mail's ſhell) forms two turns and a half ſpirally, and is divided _ 
into two parts by a ſpiral /amina, or thin diviſion, A very deli- . 
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tate membrane lines the cavity of the labyrinth, and is an expan- 
ſon of the auditory nerve (as the retina is of the optic nerve), and 
e prime ſeat of the ſenſe of hearing. There are other openings, 


the ſenſations they receive from ſounds. 
To what a. ſurpriſing ſtructure have we been attending? 


eee 2g S „ » N 
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ets, but (eſpecially) that ſtrong ſounds ſhould not be inju- 
nous! and this is more to be apprehended than the former, as, 
by their violence, they might burit the tympanum. To guard 
mainſt this, bombardiers or others, when firing very large can— 
non, fill the external ear with. ſomewhat ſoft to cloſe it; but if 
this ſubſtance ſhould by any means enter the paſſage, it is very 
dangerous, and not to be extracted without difficulty. Obſerve 
the (£111 manifeſted in the inclofing a ſmall quantity of air, free 
from acceſs of external air, and conſequently unaffected by at- 
moſpheric variations; for air being the medium of ſound, its 
ryices could not be diſpenſed with even here, Obſerve, that 
me hole is cloſed by the ſtapes, another is open, which is a 
contrivance happily adapted to the tranſmiſſion of more or leſs 
ſound, according as excited by attention. 

The poſition of the membrana tympani, is in men and brutes, 
moſt horizoxtal, but inclined toward the external paſſage; 
this being the belt ſituation to receive ſounds, great part of which 
dtten is reverberated from the earth. In men and brutes, it is 
zncave outward, but in birds, convex outward, ſo as to make 
ts upper ſide nearly perpendicular to the horizon: which ſeems 
adapted to the reception of ſound when high in the air, where 
little, if any, is reverberated. 53G | 

Hearing, like fight, gives us notice of remote objects, and is 
ſubject to ſimilar errors. We receive from it no diſtin& intel- 
lizence of the diſtance from whence a ſuund proceeds; a great 
toe a-far off, and a ſmall one near, produce the ſame ſenſation 
ad, unleis informed by ſome other tenſe, we cannot diſtinctly 
tl whether the ſound heard be great or ſmall, nor till we have 
karned by experience the peculiarities of the ſound we hear, can 
we judge of its diſtance, 1 | 

i: often happens, that perſons hear differently in point of accu- 
Rcy with one ear from what they do with the other; theſe have, 
what is called by muſicians, a bad ear. Mr. Buffon, atter many 
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he ſame time, unequal ſenſations, they form an unjuſt idea; as 
ey hear falſe, they alſo, without knowing it, ling falſe. "Tee 


nd other cavities viſited by nerves, which tranſmit to the brain 


What proviſion, not only that weak ſounds ſhould have their 
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was, always found that their defect in judging of ſounds, pro- 
Leded from the inequality of the two ears; receiving by both at 


e | | | perſons 
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1 pes ako frequently deceive themſelves with regard to the 


| Hz . h eg 
= de from whence a ſound comes, generally ſuppoſing it to come 5 
i 24 8 P bas 
1 from the ſide of the beſt ear. | EE. Jern 
| | Hearing is a much more neceſſary ſenſe to man than to animals: cour 


With thoſe it is only a warning againſt danger, or an encourage- 


* 8 £55 8 - 7 5 3 * 3p * * . e 4 2 = 


| ment to mutual aſſiſtance: In man, it is the ſource of moſt ot his dil 
1 pleaſures; without which, the reſt of his ſenſes would be of lit- 1 
5 tle advantage. A man born deaf, muſt neceffarily be dumb ; Mad 
1 and his whole ſphere of knowledge, be bounded by ſenſual gn. 
kj As it would be unpardonable, in a diſcourſe on hearing, to BY ;... 
vu omit the pleaſure this ſenfe receives from muſic, I ſhall introduce bor 
1 a few hints relative to that captivating ſcience. . ee. 
| Sounds become pleaſing, not by one continued tone, how Wl } 
0 loud or ſwelling ſoever, but by their ſuccefſions in agreeable pro- ofle 
9 portion. EE | 3 bus 
4 | Muſicians have contented themſelves with ſeven different YI i; 
notes of ſound, which ſufficiently anſwer all the purpoſes of plea- W 
ſure. The differences of ſmaller proportions are fo impercep- ben 
tible, that the ear is rather fatigned than pleaſed in marking the det 
diſtinction. However, they have admitted half tones; but where (ho 
muſic 1s in its infancy, theſe are rejected. The Chineſe have e! 
neither flats nor ſharps in their muſic ; but the intervals between Wl cn 
their notes are in the ſame proportion with ours, as are thoſe of Wl 
moſt, if not of all barbarous nations. £ 
The ancients relate a thouſand ſtrange inſtances of the eſſects W 
of muſic. The ſtory of Arion's harp, that gathered dolphins to W 
the ſhip's ſide, is well known; and what is remarkable, >chot- W 
teus aſſures us, that he ſaw a ſimilar inſtance of fiſhes being al- 
tured by muſic. = = 
However;this be, we have many ſtriking accounts of the influ- t 
ence of muſic ; and it muſt be admitted that; on particular occa- 5 
fions, muſical ſounds may have very powerful effects. Horſes . 
and cows in a field will liſten to muſic. Dogs are well known to 8 
be very ſenſible of different tones in muſie; and ſometimes ſul- 15 
tain very ridiculous parts in a concert, where their aſſiſtance is hel 
neither expected nor deſired. . th 
If, as we related, the impreſſions received by fight are ex- en 
tremely powerful, and ſometimes even fatal, I ſee no reaſon to re- wy 
ject accounts which aſſert an equal power in the ſenſe of hearing; be. 
that by this, the ſpirits may be raiſed or depreſſed, may be hur- "a 
tried or ſoothed, and correſpondent ideas not merely tranſmitted, F [ 
but impreſſed on the mind, ſeems very ſuppoſable, and indeed is belo 


a well-known fact; that where its powers are augmented by other 
| circumſtance 
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circumſtancęs, it may riſe even to rage and phrenſy, may alſo 


be granted ; nevertheleſs, we muſt ſtop ſhort of granting all that 
has been faid in its favour by mufical enthuſiaſts; ſince no mo- 
tera muſician armed only with his fiddle, would venture to en- 
counter a wolf, nor will harmonious ſounds foothe the anguiſh of 
a broken limb, or contribute to ſet the bone which accident has 
difocatedy<.:,7- ode fy BY "Ap ob 955 

ro know the value of hearing, we ſhould conſider its ſervices 
n the dar K, wherein we are naturally molt attentive; thus circum- 
fanced, hearing ſeems to be a warning ſenſe, which, by giving 
notice of danger, permits preparation tor avoiding it; and per- 
haps partly on this account, founds heard at night, | are more 
trongly impreſſive, than when day-light admits completer Know- 
edge of our fituation, and that of things around us. | | 

But, more eſpecially, to know the value of hearing, we ſhould 
reflect on its deprivation: without it, how uſeleſs were every endea- 
jour to communicate ſentiments and ideas by diſcourte ! how 
utterly illuſive the pleaſures of lociety! - - 

The feaſt of reaſon, and the low of foul, ?? 

the very tendernefles of our nature, if conſigned to blence : with- 
out hearing, vain were every attempt to improve the mind 
(hould we deſire improvement) by ſcience or learning; and vain 
lie attention of the moſt reſpectable aſſembly which the moſt 
competent inſtructor could have the honour to addreſs, 


0 bl 0:7 Þ 66 
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Or SMELLING. 


NATURE is replete with evidences of its great Author's be- 
nefcence; ſome of them we enjoy, if not completely, yet in 
wntiderable and advantageous degrees; others are either weak- 
md in their properties and effects, or our powers of perception 
Te vitiated, fo that they little affect us. Man was originally de- 
lined to inhabit a garden, fragrant as well as verdant, and highly 
deligntful to that ſenſe whoſe office was to judge of odours. ut 
the preſent ſtate of things, delight is not a conſtant attendant 
01 odours, for ſome are extremely offenſive; nor only have they 

their property of giving pleaſure, but with their fragrance 
they have loſt their innocence ; and now, not a few are deleteri- 
0s and fatal. = | a | 

| am unwilling to allow that, even in thoſe faculties which 

'0ng to the animal part of our compoſition, man is naturally 

| | inferior 
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7 1 131 | : | 
inferior to his fellow creatures : I rather imagine that even in 


theſe, he was once their ſyperior : and as we have found reaſon diſs 
to conclude that he ſtill is, in the exerciſe of his touch and his bear- cum 
ing, fo perhaps he was in that ſenſe wherein he now ſeems mog to fl 
_ remarkably below them. | e abou 
Smelling feems to have at leaſt as many degrees as thoſe of the of i 
other ſenſes ; and, like them, it requires repeated exerciſe and WM ©! 
conſtant application to perfect it. This may account for its s th 
weakneſs in the generality of perſons in civilized ſociety ; its pri-, 
mary appointment ſeems to have been that of a kind of purveyor WB ine 
to taſting; to judge of what was proper for food, and to deter- eit 
mine on the qualities- of whatever might offer appearances of MY "5 
edibility ; in civilized ſociety therefore, where the neceſſity of "= 
ſuch determination, is ſuperſeded, becauſe food is ready ſelected ber. 
and only what is nutritive and wholeſome is preſented, the ſenſe ben 
of ſmelling has no occaſion to diſcriminate, and its judgment i ©" 
being dormant and unemployed, becomes gradually weakened, MW Arat 
and at length nugatory. | nel 
Taſting, in ſimplicity, ſeems to have been attended by ſmel- I Vith 
ling in perfection; whereas taſting in variety, ſeems to have in- it 
jured ſmelling by depraving its accuracy. The high ſmells off derte 
ſpiceries, and of animal food, have by their piquancy deſtroyed Fr 
the ſenſations arifing from ſimple nutriment; and in fact, among fan 
nations who decline the uſe of animal food, this ſenſe, it is aſſert- ally 
ed poſſeſſes powers unknown to us. As inſtances, Ky 
he Bramins of India poſſeſs the ſenſe of ſmelling equal to ir 
moſt animals; and can ſmell water, . which ſeems to us quite in Gebal 
odorous. Weare told alſo, that the negroes of the windward i lands other 
in the Weſt-Indies, can diſtinguiſh between the footſteps of an 2 
European and a negro; and the North- American Indians will . 
(like blood-hounds) trace their enemies, by their footſteps “e 
This, if true, ſeems ſurpriſing, ſince the ſcent of a particular tribe 15 
among them can hardly be ſuppoſed extremely different from 1 
that ot any other, in the ſame climate, and of nearly the fame 90 
manners, and modes of living. Among the Arabs have been per- 15 7 
ſons of io acute a {mel}, that when bewildered on the immeaſura- 5 ; 8 
ble ſandy deſarts of their country, they have been directed in their he 
Journey, by taking up a quantity of ſand and ſmelling to it, there- #4 
by diſcovering whether camels had paſſed that way; and though mn 
the ſame ſand to other perſons might be perfectly ſcentleſs, yet mis! 
hereby, they have aſcertained the cuſtomary path. ' . 1 
lere, if we enquire, whether theſe perſons equally abſtain Noifo 
from animal food? it is anſwered, Not altogether ; but, belideF Noiſe 
that their fare is ſimpler than ours, it is allo lels various, and lelsÞ 0 | 


diſguiſed 
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algulked by accompaniments. To me there ſeems another cir- 
cumſtance, not to be forgotten, in this enquiry. It is natural 
0 ſuppoſe that perſons who are much in the air, where ſmells 
hound, and which is their medium, {ſhould determine more nicely 
of its ſtate, and, as it were, its ingredients, than thoſe who are 
conſtantly in their apartments, or at leaſt in their towns (which 
is the cafe of multitudes in civil ſociety) ; for in adwelling, or in 
1town, whatever care can poſſibly be taken, in reſpect of clean- 
line's, or of falubrity, many ſmells of a powerful nature will 
exiſt ; thoſe removed will be progreſſively replaced by others ari- 
ing, and a ſimiliarity, injurious to this ſenſe, will reſult. This 
may eicape the obſer vation of townſmen, as Londoners do not 
perceive the ſulphureous ſmell of their clothes, &c. which on 
gening a town. box, in the country, is inſtantly noticed by the 
country people. The Bramins, the Negroes, the Indians, the 
Arabs, have no manufactories, nor great towns, nor aſſemblage or 
ſmells, but being conſtantly in the air they receive its influence 
yithout reſtraint. „„ | 
It appears from what I have ſaid, that this ſenſe is not ſo im- 
portant to life as that its abſence ſhould be felt with extraordinary 
everity, or that vitality ſhould be 1 in its indiſpenſable 
ſfanctions, by the debility of our ſmell. Many perſons are par- 
tially, and ſome wholly, deſtitute of it, without material incon- 
renience ; but this could only be in a ſtate of mutual aſſiſtance 
wing from ſociety. Civilization, while it improves ſome 
lebaſes others of our faculties, by ſubſtituting other pleaſures, 
other enjoyments, other ideas, than thoſe of ſavage life; by be- 
coming more refined, and more mental, we relinquiſh ſenſual 
peaſures (whole activity, however extenſive, is limited), for 
noſe ariſing from cultivation of our intellectual faculties, whoſe 
ranges and whoſe acquiſitions, extend beyond the narrow bounds 
of time and ſpace. 3 5 = 
It muſt be owned, that, did we now truſt to the ſenſe of 
imciling as our caterer, we ſhould often be incommoded by 
falſe intelligence: many articles whoſe odour is far from invi- 
ting, eſpecially. on firſt acquaintance, nevertheleſs are both 
pleaſant to the palate, and wholeſome as nutriment. On the 
oer hand, many ſmells extremely agreeable are highly noxi- 
bus: we have formerly hinted at ſome of theſe; and more 
micht eaſily be added. The manchineel apple is not only 
ming by its beauty, but by its grateful ſcent ; yet this is a 
potion of poiſons! And, if I am not miſtaken, many of thoſe 
poiſonous preparations in vogue on the Continent a century or 
Wo back (and occaſionally uſed in later days), were fragrant, 
3 though 


5 — 


140 FROPERTIES er 


though deadly. The Queen of Navarre was poiſoned by 21 
ſcented powder for her hair; and a ducheſs of Conde by a plate 
of perfumed ſweetmeats, preſented to her while viewing e 

nificent firework. 0 85 8 


Smeiling differs in its pleaſures, together with its powers, among 


different nations, and in different perſons: ſome are enraptured | 


with a roſe, others diſlike it; few I believe enjoy the fragrance 


of a half-extinguiſhed candle ſnuff, yet a perſon Thheard of was 


delighted with it. The very mention of aſſafctida is to us 


by the ſmell of muſk, have afterwards. carried it conſtantly about 
them. Moſt perfumes which owe their prevalence to faſhion, 


are inſtances of this ; and it often happens, after their faſhionable 
days are over, that much wonder is excited how they ſhould 5 
ever have been thought elegant. This is decidedly the caſe 
with animal perfumes (ſuch as muſk and ſome others) ; but 5 
vegetable fragrance being according to the order of nature, is 
liable to much leſs variation; that has an invariable relation to 


us, it is a pleaſure conſtant, and often exquiſite. 


Small quantities of perfumes are agreeable, when great quan- 
tities of the-ſame Kinds are offenſive. The ſcent is inſufferable M 
of a large ſtore of ambergriſe; and though a whiff or two. of M 
ſmoked tobacco may be pleaſant, a room full, and long conti- I 
nued, is very ſickening to thoſe who are not hardened ſmokers. WM 
When ſitting down to table, the ſmell” of food is, generally, 
| agreeable ; but after having dined, what is leſs tolerable than Ml 
that of a tavern? This reminds us, that ſmelling quickens Wl 
the action of the ſtomach, as well as influences the. deſire of 
taſting ; and ſeems a deciſive proof, that this ſenſe has a deter- 


g life. 


minate and real relation to the means of ſupporting 


Smelling has alſo powerful influence on health: I remember W 


reading of a phyſician, who, by way of medicine, daily walked 


a time in the warchouſes of the India Company at Amſterdam, We 
that he might inhale the fragrance of the ſpices, &c. there de- 
poſited, unpacked, ſorted, &c ; and many diforders of the 
head, it is well known, are relieved by the ſmelling bottle. but W 
a yet more powerful medicine & ſaid to be, the ſmell of the 


earth itſelf: I have heard it conſidered as ſovereign for con- 
ſumptions ; and to this opinion agrees the practice of many a 


good mother in the country, who makes her child walk in 
newly turned-up furrows. This contributes to the health of thoſe Y 


diiguſting, but ſavage nations admire it. Certainly habit has 
great influence on this ſenſe. Many perſons at firſt overcome 


WF 


who drive the plough; as, on the contrary, I have no doubt 


in affirming, that many of our manufacturers are poiſoned by | 
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the ſ:nells of the employments they follow; as where acids are 
uſed (as, in dying and painting linens, &c.), or metals of vari- 
ous kinds, as houſe- painter's colours; not to mention chymi- 
cal preparations, mixtures, and fermentations. | 

It is difficult to ſay, how far perſons are influenced by their 
ſmell in what are termed natural antipathies ; whether the 


ſtrange alarms occaſioned by a cat, or other animal ( though « con- 


ealed), may originate from this ſenſe ; or whether thoſe who 
liflike cheeſe are offended by its ſcent, | Of this laſt article, 
we have a remarkable inſtance in the celebrated Baron H ALLER,.. 
who, though devoted to knowledge, yet ſuffered ſeveral cheſts 
of books to ſtand unvilited, in a diſtant part of his houſe, be- 
cauſe they had contained German cheeſes: A perſon free from 
this diſlike, would ſuppoſe the ſubjeRs of the books were little 
incitive to curiolity, or, that this diſaffection acted with a power 
utterly inconcetvable to thoſe who are free from it. 

A flight indiſpoſition (as a cold) ſuſpends the exerciſe, of 
ſmelling, and ſometimes changes the effects of odours.; ſo that 
what was before pleaſing is now diſpleaſing, and vice verſa, 

But if we would wiſh to ſee ſmelling in its higheſt exerciſe, 
we muſt advert to animals whom it directs in purſuit of their 
prey. As moſt familiar to us, we may inſtance the cat, who 
diſcovers the haunts of mice by their ſcent; and indeed the 
ſcent left by theſe little animals, where they frequent, is very 
diſcernible to ourſelves. We cannot ſay the ſame of the track a 
fox or a hare has taken in the open fields; we cannot perceive 
any ſcent, if we examine it directly as they have, paſſed ; no 
wonder then if it eſcape us after an interval of time. But we 


know there are dogs which will trace the ſcent when it is not 
freſh, will wind, and double, in every track taken by the ani- 


mal chated: and when theſe tracks cfofs each other, and are ex- 
tremely involved, will unravel the whole, and purſue the pre- 
ciſe path their chace has taken: nor will they be diverted by the 
track of another animal of the ſame kind, but follow that very 
individual on which they opened; only their ſeent is embarraſſed 
if their chace has croſſed a running ſtream. I ſhould ſuppoſe 
alſo, a briſk current of air muſt greatly enfeeble their perception; 
and of this, if IJ recollect right, beaſts of chace are well aware. 
The dog in his wild ſtate is very ſagacious of ſcent, and will 
diſcern carrion (on which he often feeds) at a great diſtance; 
but, for this, commend me to the vultures, birds appointed 


purpoſely by Nature, as it were, with this deſign ; the tainted 


breeze reaches them from far, and diſtant troops allemble to 
participate the e it promiſes. 
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Vet further, may not ſmelling inform certain kinds of birds 


of paſſage, that at a great diſtance is plenty of the food they 


love ? When the wind has long blown in the ſame direction, 


may. it not impart ſome of the fragrance it derives from paſſing 
over aromatics ot various kinds? That it muſt have loſt much 
is granted, but that it retains ſome, ſeems more than probable 
if we recollect, that it occaſionally brings with it the tempera- 
ture of diſtant climates. At London we have had in Februar 

the very air, and its mildneſs, from Liſbon, as at other times the 


| ſeverity of cold from Iceland; alfo, it is common for ſhips ta 


perceive the fragrance of the ſpice iſlands long before they are 


viſible, and often, if the wind contribute its aſſiſtance, when 
they are not within two or three days fail. If then a ſhip's com- 


pany, ſurrounded by ſmells of their own, and heedleſs of thoſe 
from other quarters, can difcern theſe juſt mentioned, what 
ſhould hinder the fame fragrance from affecting more Rrrongly at 
this diltance {conſequently in a leſs degree at a. remoter diftance,) 
thoſe creatures whole organs are eſpecially adapted to the per- 
fumes of the food they prefer? I do not ſay this will account 
for the particularities attending the paſſage of birds, but it ſeems 
the moſt likely manner I can imagine, of accounting for the 
preſence of certain birds in countries were they were unknown 
till thoſe countries were cultivated : and not zmpeoſibly it may 
have 2general influence on migratory birds. 

IT ſhould remark, that hear in general enfeebles ſcents ; and 


few flowers, ſuch as with us are agreeable, beneath the line are 


odorous. It ſeems likely alfo, that ſevere cold, by purifying 
the air, ſhould baniſh ſcent : yet the rein-deer of Lapland, dig 
through the ſnow, preciſely on the ſpot where the lichen (their 


fayorite if not their only food) grows, directed moſt probably by 
the acuteneſs of their ſmelling; for no other ſenſe ſeems in any de- 


gree competent to the buſinets. 


Some kinds of ſcents extend further than others: ſome are ex, 


tremely pungent while near, but ſoon diſſipated ; others com- 
municate their hart gout in every direction, with little loſs. Par- 


ticular ſtates of the atmoſphere contribute to this; but it ariſes 


alſo from the nature, of the odoriferous particles themſelves. 
We ſmell an odorous body, becauſe it exhales numerous portions, 
or particles, of its ſubſtance, which, impregnating the circumam- 
bient air are thereby diffuſed all around. If we take certain fra- 
grant vegetables, we diſcern by a microſcope little bags of (uſually) 


whitiſh matter; this is termed their eſſential oil, deprived of 


which they are ſcentleſs ; but this collected ſeparately from the 
plant, retains its fragrance ; and this feparation is the endea- 
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wour of chemiſts, when they wiſh to procure the ſcented oils, 


te juice, furniſhed by the plant, of very fine and delicate par- 
icles, which, emitted from theſe bags, affect us with the idea 
of fragrance. But this matter 1s fragrant not only while in the 
form of juice, but allo when dry, yet, as in drying it has given 
of its moſt volatile particles, thoſe remaining are diminiſhed in 
number, and alſo in piquancy ; hence dried herbs, &c. are in- 
ferior to freſh. Spices retain much fragrance, compared to pro- 
du tions of colder climates, becauſe they were more highly aro- 
matic originally, but ompared to themſelves in verdure, their 
ſent when dry is feeble. May we not hence ſee why different 
cents travel different diftances? The particles of ſome may be 


foat better in the air, as being lighter, or being more compact 
in their natures, they be leſs injured { melted ſhall I call it?) by 
BJ i humidity, or other qualities; not to fay, that ſome being leſs 
paerful, may require a greater number of particles to effect 
hat others may produce by a few. _ FE 
= | his leads us to reflect, that the odoriferons particles of bodies, 
= though lo extremely fine as to eſcape our ſi ht, are yet much 
BY roicr than the elementary particles of light, or of air; they 
WY hve undergone changes whereby they became parts of vegeta- 
bes, or of animals, therefore are certainly not pure and primi- 
WEI tie, but in various degrees compounded and mingled. Shall 
Wy © luggeſt this among the reaſons which contribute to the limi- 
tation of our ſenſe of ſmelling ? Light, which is ethereal, affects 
is from afar z air in pulſation, if not from fo far as light, yet 
roa a conſiderable diſtance; whereas odours being but floatin 


nert, Obſerve alſo, that the finer fluids, light and air, need 
many advantages, and much contrivance, to enable them to 
produce their effects upon us: they mult be ſtrengthened by con- 
iergence, and heightened by contralt ; whereas the ſubje& of 
imclling affects us, if not ſolely by ſimple contact with the ſeat of 
tie ſenſe, yet by what is but little removed from it. 

It is true, the noſtrils are wider at their opening than higher 
p, yet they have neither the powerful convergence attendant 
en the eye, nor the curious circumvolutions belonging to the 


mult, however, remark, that we have the power of ſtrongly 


nhaling ſcents, thereby of aſſembling a greater number of par- 


cles, and cauſing them to act in combination, at ene time, if 
not at one place. e 
The 


Kc. of various flowers. This then is a highly exalted aroma- 


fuer than others, and more of them may be diffuſed, they may 
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particles wafted in the air, are ſpeedily diſſipated, and rendered 


er; but the upper internal parts of the noſe being lined with a 
J vous expanſion, become thereby the ſeat of ſmelling. We 
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The ſeat of ſmelling varies in animals; it is. prolonge "I & 
thoſe of long noſes, and the nerves are more convoluted, fo that 
ſome part or other of them may be affected by ſcented atoms, 


that it 
and t. 


which have paſſed by the forwarder parts. In birds, the Ori- do, it 
fices which lead to the ſeat of this ſenſe are very obvious, und before 
uſually on the upper part of the bill. In fiſh, no doubt, this W. 
ſenſe exiſts, and may contribute many ſervices to thoſe Which hents 
grope for their food: though perhaps ſomewhat varied in the et en 
parts which contribute to it, from the fame parts in inhabitants WY #125! 7 
Fh | . ve no 
Here let us remark, that probably each tribe of animals has a bund 
different opinion of the nature of odours. If the vulture, were Det! 
gratified only by what we eſteem grateful, how could he purge deen 
the. ground from carrion? But while ht excites him by its ſcent withe 
he freely relinquiſhes what others eſteem; The ſmel] ot graſs is, picnty 
no doubt, moſt acceptable to animals that feed on graſs, and that winch 
ot fiſh, to ſuch as are acquatic. I might obſerve that the {mell poles 
of fiſh (and that of fleſh, or other things) is itſelf nofill ſmell ; ard 
but at ſecond hand, as in the fiſhy ſmell of certain birds, it is in- dab! 
tolerable ; and prevents their feathers from being of any value for de ſe 
domeſtic purpoſos. | 8 i 
Smelling has its peculiar advantages, as well as pleaſures; the 
ſragrance of early dawn, of new-mown hay, of bloſſoms, of fruit 
demonſtrate its pleaſure; and moſt of us can vouch for its utility 
eſpecially, when we.recollect, that it warns us of the preſence W 
of fire, before it has made any conſiderable progreſs: thus weure W 
enabled to detect and to check that devouring element, before it Wi | 
increaſes to a capacity of miſchief. - I for one frankly own, that BY. H- 
often truſt to this ſenſe; that I by choice infpect my houſe in- © 
the dark, as beſt detective of fire by its light; not without ſcent- WY © FT; 
ing cautiouſly what ever ſeems related to the effluvia arifing trom Wl ©) 
combuſtion. Many tortunate preventions have I known, or Wall © 
heard of, for which the parties were indebted to the ſenſe of borte. 
fmelling. How happily is it for us, that the moſt deſtruciive W Iponc 
element has more than one harbinger, and that we have more than WA Vit 
one mode of diſcovering it! After this we muſt eſteem it as in- Wy es 
dicating the want of proper reflection, when any one depreciates | 5 ler pf 
che · ſenſe of ſmelling : we admit, that it ſuffers viciſſitudes, that WJ %cr 
it is not always to be truſted in caſes of importance; that it is % tepaf 
one of the firſt to quit us, and many occaſionally he diſpenſed 4 and x 
with; notwithſtanding which, we find reaſon to ſuppoſe, that Wy cr 
naturally it has conſiderable accuracy, and would generally direct BY 2a; 
us ſafely ; that it has peculiar pleaſures and advantages, either Wy urn 
za regard of health, or of medicine for reſtoration of . Hh mg, 
| | | 9 nung 0 
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and that if we do not now enjoy it as we inight, and as others 
do, it is no cenſure on the ſenſe, but on what we prefer 
before it. | | Fs 


lehts of nature would be nugatory, had we not reſpective means 
of enjoying them, that odours and perfumes, that incenſe arid 
fragrance, were uſeleſs, and their exiſtence without value, did 
ve not poſſeſs the ſenſe of ſmelling : but if among mankind are 
found ſo many modes of ſatisfaction that ſome may be ſpared, 
vet let us acknowledge, that among our . fellow creatures there 
xe many to whom this ſenſe is peculiarly indiſpenſable, who, 


plenty. Every thing is beautiful according to the purpoſes to 
which it is applied, and its aptitude to accompliih thofe pur- 
poles : but when neceſſary to ſupport life, to detect evil, and to 
ward off misfortune, what is beautiful becomes alſo proporti- 
onably valuable and important, a character juſtly attributable to 
the ſenſe of ſmelling. | | 


Or TASTING. 


HAVING already reviewed ſeveral of the modes of ſenſa- 
ton, we haxe anticipated much which is related to the ſubject 
of TASTING: When we ſay creatures are endowed with the fa- 
culty of digeſting ſuch or ſuch food, and are diftributed into 
cates according to the kinds of food by which they are ſup- 


ith equal variety. In recollecting therefore, that ſome crea- 
tures feed on living prey and delight in blood, that others pre- 
tr prey already dead, that to fome fruit is moſt reliſhing, to 
others grain, to others graſs, that fith is to ſome the molt dainty 
Icpaſt, while there are thoſe to whom nothing comes amils, 
and who, without reluctance, devour whatever they can con- 
quer: I ſay, when we recollect theſe inſtances, we need not 
engage in proof that taſting varies. Earth itſelf is thought to 
furniſh maintenance to ſome creatures, and by its juices to 
vicld them nutriment, while air has the reputation of ſupport- 
ing others, and water alſo, others, —_ 5 
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hat it is highly friendly and eſfectual in its warnings of danger 3 


We cloſe this diſcourſe by repeating the remark, that the de- 
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without it, would linger out exiſtence, and pine in the midſt of _ 


ported, the inference was natural, that their taſte alſo corre- 
lponded to theſe diſtinctions, and that the ſenſe was exerciſed 
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Amid fo great a variety of reliſhes, taſting may be very accii« 
rate, yet very different; that may be agreeable to one, which | 
is abominable to another, yet the ſenſe may be equally exact 


r 5 „ | 

_ The immediate objects of taſting are, ſuch qualities as iveer, 
four, bitter, &c. and in degrees, but not in extremes, each is 
pleatant. But this ſenſe 1s, after a time, reconciled to what 


at firſt diſpleaſed it, and after ſuch reconciliation, it acquires a 
Taſting, therefore, ſeems to 


fondneſs for its former averſion. 


be a verſatile faculty, capable of adapting itſelf to contradictory 
circumſtances. 


but as change of aliment is greatly conducive to health. By 


this we do not deny the prejudices attending ſudden changes; 
but only mean to ſupport the propriety of that mixture and alter- Þ 
nation, which nature offers in her different productions. While 
theſe are varied with the ſeaſons, and adapted to their influences, 
their uſe ſeems to be diſtinctly ſuggeſted ; eſpecially, when we 
recollect, that many of them are tranſitory, that vegetable pro- 
ductions (eſpecially) are but of limited duration, their ſeaſon is 
quickly over, and their perfection ſcarcely attained ere it paſſes. 
We ſhould obſerve alſo, that corredtors to the influences of the 
ſeaſons, are uſually moſt liberally produced by nature in each 
ſeaſon ; herbs warming and chearing in winter, cooling fruits 
in ſummer ; and this is much increaſed by the {kill and induſtry M 
of man, who keeps ſome till they are mellow, and improved % 
from their verdant ſtate ; while others he gathers before too 
much ripeneſs has diſpoſed them to loſe their ſuperior flavour, 


and their more eſtimable qualities. 


To attempt any thing like an enumeration of what nature 
offers for human uſe, would extend this diſcourſe to great 
Without inſtancing the variety belonging to the fleſh 
of animals, in taſte and in properties, the vegetable kingdom 
alone furniſhes multiplied occaſion of remark ; for, beſide thoſe B 
changes of aliment which vary with the ſeaſons in temperate B 
climates, there is correſpondent proviſion made againſt the in- 
temperance of tropical heats, and of polar colds. Beneath the 
Line, all manner of cooling fruits abound, and that refrigeration W 
of which the air is deſtitute, they ſupply : witneſs limes, lemons, } 
oranges, &c. of the ſub-acid kind: melons, cucumbers, &c. 
whoſe degrees of coldneſs would be injurious, if but a little be- 
yond what they are: two degrees colder, I think, would ap- 
proach cucumbers to poiſons. The heats of tlie tropics exalt } 


length. 


the flavour of all productions capable of ſuſtaining them _— f 
5 | ele 


— 
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And, among mankind, it is well it is ſo, not 
only as a variety of gratifications would otherwiſe be unnoticed, 
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theſe productions are for the moſt part extremely juicy: firmer 
kinds, as ſpices, can ſcarcely be called food, though they torm 
z part of the ingredients in viands. If we advert ta the grain of 

theſe countries, the principal is rice; and rice grows under 
water, or in ſituations where it has had, during part of its growth, 

2 57 of that element. In thoſe hot countries little animal 
* 1 is uſed, and where health is regarded, little termented 
ſpirituous beverages. Simple water for drink, ſimple pulſe or 
herbs for foqd, prevail, among the natives, who beſt underſtand 
the finees required by their c country. . | 

Temperate climates exhibit the greateſt variety; capable, by 
the aſſiſtance of art, of adding the richer productions of the 
Equator to their native ſtores; capable of tranſplanting from 
dtant parts, whatever they furniſh worthy attention. England 
5 peculiarly an inſtance of this, if the popular tradition be true, 
that among apples, only. crabs, are truiy Britiſh, and among 
plumbs, ſloes. And we {till retain the names of countries from 
whence we imported many of our fruits, as currants Ccorinths) 
from Corinth; damſons (damaſciſons from Damaſcus ; cher- 
ries (cher 7 ) from the Cherionefe Peniniula; and many 
others, which ſuffer by removal from their native climes, Aſia 
or Africa, and, lately, America. 

It would afford much amuſement to trace 1 5 progreſs of : A 
particular taſte, or of a valued fruit, from place to place. Here 
we {houid find it admired, becauſe rare, and thought exquiſite, 
becauſe © we have nothing to compare with it: there, being 
plentiful, it would be diſregarded, and becauſe procurable with 
little labour, would be thought ſcarce worth that little. 

If we trace the progreſs of taſting among mankind, w ſhould 
find them, at firſt, ſatisfied with the berries yielded by native 
buſhes, then tranſplanting them into a richer ſoil, and more 
favourable expoſure, ſtudying to improve their flavour, to em- 
body as it were their juices, to correct their aſtringency, and to 
increaſe their durability for ſtores ; next, importing what foreign 
3 produced of ſuperior value, adapting them to the ſoil and 

the climate, then grafting and mingling their qualities; Z ſo that 
after repeated removals and unions, they ſhould become natura- 
10 and invalidate every attempt to determine their original 

ock. uk 

lt appears from this ſtatement, that nature has done much for 


man, but has left him much to do for himſelf; ſhe furniſhes 


the means which he is to improve, offers the firſt rudiments 
which he is to complete, not only ſecures him from ſtarving, 


but, by liberal variety, conſults his appetite, yet never of ore 
F 1 lelt 


* 


——— — 


— — 
Is 


— —Uää— 


* a in 


* 


——— 


88 =, B05 — 
— ESO EDS» {4 x aero 


— 


FE, E TT pe — 

' — er C - 2m 4 A n > — 

4 * 37; 4 — * "WF _ n 4 : > A * WV... 1 
ms — — — ws - — « — — L 


. 


—— 


r 
22 7 


* eee ca RATE An 
* 
— 


—— 
— wt erent nite nr 


rn — 


r 


4 7 * 5 4 p44 ww 
Arc 
* — — — 


8 — 
— K —_ — — 
3 - «8; 2 
1 4240.4 r — _ 
- ” * 3 — > 
8 * * 
= 
. 


> A 


F - = 
* 7 N 
. . Cam apc ge hes 
2 — - -- - — — 
1 — — — 
k 
* 


148 PROPERTIES or 
ſelf produces What is perfect, ſo as to ſuperſede his cultivation, 
or to pamper his idleneſs. If he wiſhes improvement, it is in 


his power—by indultry ; he ſhall find no ungrateful reluctance ; 


to ſecond his endeavours, but his endeavours muſt precede the 
exertions of powers, which are latent, till he calls them to 


action. Can there be ſtronger proofs that the original deſtina- 
tion of man was to attend a garden, to cultivate the earth? 
Whoſle abilities were hid, till excited by a rational being, and 


varied by thoſe unlimited combinations of which rationality is 
the parent. Nor am I without ſuſpicion, that man has a pe- 


culiar genius for gardening ; that a ſtrong defire is by nature | 
implanted in him for its enjoyments, and its productions; that 


it yields his pureſt pleaſure, united to health and vigour, andis 
indeed his ſource of genuine delight. Hence perſons long im- 
mured in towns retire to the country; hence rural occupations 


are fo agreeable a relaxation; and hence a clear air and extenſive 


proſpects, or ſilent glades, ſo ſtrongly influence the ſpirits and 


the paſſions. Are further arguments neceſſary, to prove that the | 
true taſte of mankind rather relates to productions of the vegeta- 
ble than of the animal kingdom; and that, however now accul- | 
tomed to the latter, it was not ſo in the beginning? Can there 
be ſtronger proofs, that ſelf- maintenance is all that nature im- 


poſes on the individual: other powers of life being provided ? 


Taſting has certainly greater variety of pleaſures connected 
with it in man than among animals; they feed on a limited 


O 


and ſmall number of articles; ſome ate reſtricted to a ſingle 
kind of tree or plant, ſome to a ſingle leaf, others to a particu- 
lar kind of prey, and theſe perhaps have the moſt ſagacious re- 
I ſuſpe&, that thoſe which devour indiſcriminately, have 
little or no exerciſe of taſting; and it may be, that the ſenſe of 
ſmelling is in molt creatures the more powerful ſenſe: this directs BE 
them in the choice of food, and their taſting perhaps could do | 


liſh. 


little more. 


DaMPIER tells us in his voyages, that he never ſerupled to eat 
fruits, &c. on which he obſerved the marks of birds having been 
pecking them; and he concluded in general, that what was fit 
This rule has exceptions; 
as appears in the inſtances of parrots, who ſometimes feed on the 
manchineel apple. Monſ. Bur ro obſerves, that birds of prey 
prefer the ſame birds of game as man, and are fond of thoſe 
of white fleſh, which furniſhes, ſays he, one analogy more 
between us and them. An adventurous Frenchman M. VAII- 
LANT Who lately travelled into Africa, was accompanied by a 

, a cock, and a monkey, The firſt, as watchful and of ap, 


tor them was wholeſome for man. 
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proved fidelity, that he might ſleep in ſecurity ; the ſecond, as 
rigilant, that he might rife at day- break; the third, that he might 
aſcertain whether the fruits he found were edible; concluding, 
that if the monkey ate them, he might ſafely follow his example, 
but that if he rejected them they were pernicious. The analogy 
between the monkey tribes and man in ſhape, &c. ſeems to in- 
inmate, that what was good for one, could hardly be hurtful to 
the other; and in point of inftin&t, the advantage is with pug, 
25 no doubt it is with animals in general. Even a hog, though 
eſteemed a voracious glutton, has too much taſte to eat indiſeri- 
minately all the plants offered him ; but, I think, out of 250 
he rejects 100. This choice belongs to moſt, if not to all 


graſs-eaters; for, as nature exhibits the utmoſt variety among 


vegetables, did all animals chooſe alike, thoſe refuſed would mul- 
tiply to exceſs. "The ſame may be ſaid of aquatic birds, which, 
among the numerous tribes of fiſh, have doubtleſs their favou- 
rites ; and of quadrupeds, which, though they feed on many 


kinds, are peculiarly fond of ſome ; as we ſee dogs, if not ſeverely 


preſſed by hunger, ſeldom eat rats; and cats prefer the mouſe, 
though they feed on other creatures. Animals, like ourſelves, 
may be depraved in their taſte ; we have heard of a horſe that ate 
oyſters; and of Diomed, king of Thrace, who fed his horſes 
on fleſh, and was at laſt devoured by them ; a fate he well me- 
rited ! Savage beaſts alſo cat others of their own ſpecies, as wolves, 
jackalls, &c. and among depraved or impetuous taſte, perhaps 
we may include the ſtrange diſpoſition of ſome creatures to eat 
their own young. As to depraved taſte, in the inſtances of 
creen-fickneſs, &c. that is diſorder of more than the mere ſeat 
vi the ſenſe. | | 

Taſting does not always determine the ſalubrity, or inſalubrity 
of food: much that is ſweet is hurtful ; but in general, what is 
offenſive to the taſte is properly rejected. We cannot abjolutely 
traſt to our ſmell, or our taſte, when they pronounce in favour 
of what they examine, but what they dillike is uſually worthleſs 
if not dangerous. I | 

We faid, that the ſenſe of ſmelling had ſuſtained in man great 
injury, by artificial ſcents and provocatives ; artifice has had ef- 
tects at leaſt equally injurious on taſting. Epicuriſm has deprav- 
ed the ſenſe, and thoſe who cannot reliſh a meal without ingre- 
dients of high flavour, and of contradictory poignancy, not only 
injure their health by embarraſſing the operations of nature to 


promote it, but muſtibe confidered as perſons of the moſt deprav- 


ed appetites ; as fartheſt departed from the ſtandard of what is 
benelicial, and as indulging a tranſitory gratification, at the ex- 
| pence 
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pence of permanent ſatisfaction. Health isthe chief end of nature 
the ſmell excites the taſte to enjoyment, or prepares it for diſguſt; 
and diſguſt keeps clear of what might prove prejudicial: to the 
functions of life. But, if taſte be excited by ſmell, there is yet 
a chance that when itſelf is engaged in judging, it may rectify the 


ſcents are neither attractive nor repulſive. 


- 


to partake of the ſenſe, but not in all caſes. The tip ot the tongue 
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till it has touched the palate. Yet by ſome ſubſtances the tongue 


the tongue, may be taſted. It ſeems, indeed, that moiſture is 
neceſſary to taſting ; and mult either be furniſhed by the ſubject 
to be taſted, or by the /alrya. 
the tongue are dry, no taſte whatever enſues. 
of feeling is all which occurs, | 

Taſting, like our other ſenſes, is performed by nerves, ſpread 
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A mere ſenſation 


alate, and fill the 02/7; (little rifing proceſſes) of thoſe parts. 
Theſe villi are varied; and (probably) among creatures poſſeſs 


* others is diſagreeable. Some perſons have endeavoured to account 
I 5 for taſte, by conſidering it merely as a nicer kind of touch: 
pointed bodies, ſay they, applied to theſe vii, excite a powerful 
ſenſation, — theſe are ſalt: other bodies being rounder, ſlide 
F ſmoothly along the villi, —theſe are ſweet. Theſe principles 
1 may be true, or they may be erroneous. | 
| Taſting varies with the progreſs of life: children abounding 
in moiſture, taſte every thing much ſooner, even though its re:iſh 
be feeble, than grown perſons do; to which effect, no doubt, 
contributes the yet comparative purity of their organs, not viti- 
ated by the perplexing variety, or the piquant ſtrength, of what 
they have been accuſtomed to. Age, on the contrary, is 
not without difficulty excited to the enjoyments of taſting, eſpe- 
cially where intemperance has injured the organs. 


obſerving, that it differs in its choice among animals, and de- 
termines them to the nature of their food; that its verſatility ac- 
commodates itſelt to what was once its averſion ; that nature has 
amply provided for gratifying its variety, and directing it to be- 


for 
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when the ſenſes of ſmelling and, taſting are in their full powers; 


is affected; hellebore affects the inner part of the tongue, meze- | 
rion the throat, and peppermint drops laid, till they dillolve, on 


For when both the ſubje and 


to receive impreſſions; theſe are diſtributed over the tongue and 


different powers, ſo that what to one kind ſeems pleaſant, to | 


Thus have we noticed the principles of the ſenſe of taſting: B 


neficial eſſects; that it excites human induſtry, and ſeems deſigned 


errors of the former; as well as determine on ſubjects, whoſe | 
The immediate ſeat of taſting is the palate ; the tongue ſeems | 


dipped into ſugar, will not communicate the idea of ſweetneſs 
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or that purpoſe. We have obſerved alſo, the ſeat of this ſenſe, 
its powers, and the changes it ſuffers by cuſtom, and by the 
courſe of years. We remark on the whole, that to preſeribe rules 
for its direction is impoſſible: what is pleaſing to one offends a- 
nother, and the liberty of private judgment is here at leaſt invi- 
olable. It alſo reſults that as taſting was intended as a guide to 
healthy nutriment, every depravation of it is attended with dan- 
ger, every intemperance is not only a riſque for the preſent time 
but for futurity ; leſt it ſhould riſe into habit, and, if confirmed, 
be extremely detrimental. The great leſſon taught by nature, is 
MODERATION : all beyond tends to enfeebled powers, to abſolute 
loſs and imbecility: / uch is fit and proper, fo much may be 
peaſant, /o nuch may be endured. Nature revolts if further pro- 
roked, and puniſhes by depravity and deprivation, thoſe who 
ſtimulate her powers to excels. 0 5 
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ICC a 
We have now diſcuſſed thoſe principles, which we eſteem 
ourſelves juſtified in conſidering as indiſpenſable to life: abſtract 
any one of them, we ſenſibly feel its abſence, though not equally 
the abſence of each. e 
It is not to be ſuppoſed, that, in offering general principles, 
we ſhould be able to include every particular; after all poſſible 
care, much that is intricate will elude our diſtinctions, much 
that is novel will apparently controvert received opinions, 
muchi that is rare and extraordinary will perplex our judgments, 
though formed on the ſoundeſt principles, and ſupported by the 
analogy of numerous and well-authenticated facts. In the ce- 
leſtial expanſe of ſtars, obſervation has diſcovered many, and en- 
ZE dcavoured their arrangment; the chief may be arranged; theſe 
bm the ſigns of the Zodiac, or compoſe the conſtellations of 
FJ tic heavens ; but after much ingenuity and great variety of fi- 
FJ tres, many remain unformed ; many are too ſmail to be included, 
many are but lately known, as inſtruments have been perfected, 
and where formerly we reckoned three thouſand, now ( by Mr. 
HERSCHELL ) is reckoned #hirty thouſand: Such is the itate of 
general principles when referring to the extent of nature's works. 
But as theſe new ſtars are, either in or near, adopted conſtella- 
tions, and may be conlidered as related to them, ſo whatever 
among the tribes of nature is ſingular and wonderful, rare and 
perplexing, as our knowledge increaſes may be referred to ſome 
or other of thoſe principles which have engaged us. For, many 
taings are wonderful, only becauſe we ſee them but A 
« when 
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when all their connections are known, our wonder ceaſes : As 


we admire thoſe inſtruments whoſe powers are hidden, but when 
acquainted with all their machinery, our ſurpriſe, at leaſt, is mo- 


derated, Nay, with regard to moſt conſtructions of human art 
familiarity with them leſſens our eſteem or applauſe : — becauſe 


we perceive their limits, and diſcover their impertections; we 
find many aukwardneſſes of combination, and much contri- 
vance that is miſplaced. This conſtitutes a ſtriking difference 


between the productions of creatures like ourſelves, and thoſe 


of Omniſcient Wiſdom ;—which ever excite freſh admiration, 


as we become more intimate with them, and open thouſands 
of excellencies, to the diſcernement of thoſe who, by attentive 


diligence, have acquired a worthineſs of ſuth diſcoveries. 


We cannot direct one cauſe to many effects, like nature; 


nor foreſee as well benefits as inconveniencies, at a remote diſ- 


tance ; we cannot force ſeeming evils to advance ſubſtantial good, 
make deſtruction the parent of population, make barrennefs con; 


tribute to plenty, and revive disfigured beauties with heightened 


delight; we cannot unite the ſnow-topp'd ſummit and volcanic | 
entrails, in the ſame mountain, thereby engaging heights and 
ſpots precluded from general uſe to promote general advantage ; 
we cannot direct the mineral exhalations, and their noxious ef- 
fluvia, ſpreading deſolation around their ſeats, to produce the | 
means of fertility; we cannot rule the heaving earth, and regu- | 


D 


late its convulſive ſtruggles.— If unable to controul inanimate | 
matter; how ſhould we comprehend the ſprings of vitality, 


or trace to their origin its various modes? How ſhould we de- 
termine its degrees, —its maintenance and ſupport? The 
ſcale of lite embarrailes our conception, the diſtributions of lite 


our judgment, the members of life, their actions, their offices, 
their principles, perplex us, even in their lower ſtages, as ex- 


hibited among creatures our inferiors. And if weadvert to our- 
ſelves, if we inveſtigate rationality, the properties and the effects 
of mental powers, we are bewildered and confuſed, we heſitate 
and faulter, we hint, we imagine, we ſuppoſe, we gueſs, but 
we determine nothing : arguments lead where opinion fears to 


follow; and we may yet appropriate the precept, „ know thy- 


ſelf.” Neverthelcis, we trace, if not principles, yet their 
action; if we cannot demonſtrate the ſenſorium, we are certain 
of the ſenſes ; and however we may be ignorant of their tranſmit- 
ted effects, their exerciſe is perſonally evident. Surely we feel, 
and fee, and hear, and ſmell, and taſte : we cannot, while in 
our ſenſes, queſtion their natures. We know alſo, that our 


ſenſes act by the nerves; that if theſe be abſent, or injured, if 
. | „„ Weakened 
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weakened or embarraſſed, if too tight or too lax, fenfation ſuf- 
fers. If we perceive not how theſe nerves affect the brain, or are 
themſelves affected, at leaſt we diſcover wonderful contrivance, 
in their appointments, their ſituations, their combinations, their 
preciſe fitneſs for the offices wherein they are engaged, their 
happy arrangements, and their appropriate peculiarities. In 
poſſeſſing ſuch variety, we notice our | re ſituation above 
creatures deſtitute of ſeveral, and we infer, that as they are in- 
competent to our ſhare of knowledge, ſuperior - beings may 
polleſs ſuperior means of information ; circumſtances that eſcape 
us may be familiar to them, circumſtances that perplex us, may 
lie open to their inſtant inſpection ; they may eaſily unravel in- 
tricacies which bewilder our reaſonings, and embarraſs our con- 
jectures. Are then creatures below us leſs happy, creatures 
above us more happy, than ourſelves? No: happineſs ariſes 
from fling up with propriety that ſtation in which we are pla- 
ced by Divine Providence, whether exalted or abaſed, whether 
ſplendid or obſcure, whether of example or of imitation, that 
poſt 1s appointed us by Infinite Wiſdom, who never determines 
raſhly on ſtations or their occupiers. Should the ear refuſe its 
office, becauſe it is not privileged in point of diſtance ' like the 
eye; ſhould the palate refuſe to taſte, or the noſe to ſmell, becayſe 
taſte or ſmell is reſtri-ted to determinate parts, not general oyer 
the perſon, what confuſion would enſue! Should we repine at 
our portion of ſenſes, becauſe creatures our inferiors enjoy 
greater degrees, what unthankfulneſs would that demonſtrate ! 
Jo neglect what we have, out of envy at what we haye not, were 
at once ingratitude and tolly. | 

O for a grateful heart, a heart ſenſible of the obligations ari, 
ſing from conſtant reception of benefits, from conſtant vigilance 
for our welfare, and conſtant attention to our intereſts; in tha 
great Being, who, if diſtance might include neglect, never ae. 
think of us, never need direct toward us one complacent ſmile, 
one beam of mercy! Who yet notwithſtanding our diſtance, 
and unworthineſs, our negligence and inattention, daily becomes 
our benefactor, and “ in whom we live, and move, and hayg 
pur being,” | 1 
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OBSERVATIONS o Tis PLATES: 
Taz, EYE: 


Ns f. Shews the ſeveral refractions of the rays of light, tn 
order to their acquiring a true and exact focus. 


he outer coat of the eye is termed the ſelerotica; adjoining 
iy that is the choroides, which is lined by the retina, Bed B, 

s the tranſparent projecting part of the ſclerotica called the 
rrnea ; between which and $ C (the cryſtalline humor) is 
placed the aqueous himor. D D the vitreous humor, occupying 
the remaining internal ſpace of the cye. N the optic nerve, in- 
ſerted laterally, leading to the brain. » o the pupil. 

A, is a ray which, ſtriking the eye preciſely centrally, needs 
no refraction in its paſſage to the bottom of the eye. . 

4 b, are two parallel rays, ſtriking the eye in c 4 (the cornea), 
whoſe refractive powers would divert them from their dire& 
courſe, to a focus beyond the extent of the eye (as F 1,) were 
no other medium interpoſed : but, in their Paſſage to F r, they 
impinge on (C C) the cryſtalline humor, and by this are again 
converged to a nearer focus (F 2): But as this alſo is beyond 
the limits of the organ, they are, in paſſing out of C C into the 
vitreous humor, again converged, and fall exactly on the nervous 
expanſion of the retina, at a third focus (F 3), there producing 
perfect viſion. | Fa | 
No II. ſhews the imperfection attending viſion, when the 
focus is formed behind or before the retina. 85 
> If an object (E) be too near the eye when viewed, the rays 
proceeding from it, will after entering ov and ſuffering the re- 
tractions as before, be converged to a point beyond the true fo= We 
cus (as F . conſequently, at the true focus, they may depict KW 
form contused image (as e), but not a juſt repreſentation. The 
dihance F, is nearer the truth, as appears by y. At the diſtance 
G, the rays become ſo nearly parallel, that they fall juſtly on the 
retina. = |; 

It the ſtate of the humors in the eye be ſuch as to converge 
the rays to a focus þ 57+ they reach the retina, dimneſs of ſight 
equally takes place. oth Uncle diforders occur ; the former re- 
quiring co ex lens glattes, the laiter requiring concave lens glaſ- 
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No. III. ſhews the reaſon of the diminution of objects in ſize, 
by diſtance. FFF 
A (Cr and D E being ſeen by the eye in the ſame line, after 
tizy have ſuffered equal refractions, depict on the retina the ob- 
het 2 a 3 or occupy correſpondent equal ſpace on the retina: the 
angle g O @ being equal to the angle AO G. Whereas D E, 
removed to the diſtance of A G as DE), occupies only the ſpace 
d, conſequently appears ſo much ſmaller to the eye which in- 
ſpects it. But (while otherwiſe ignorant) the eye would never 
determine the proportionate dimenſions of D E and A G; or 
their relative diſtances, being deccived by the ſimilarity of their 
angles. art] EI. | 
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TRE EAR. 


IHE conſtruction of the parts adapted to hearing, is ſo com- 
plex and intericate, that it is extremely difficult, to convey juſt 
ideas Ot their fituations and uſes, either by deſcription or repre- 
ſentation : we have therefore enlarged the parts ſeparately, as well 
as ſhewn them united. 

No. I. A, the external auditory paſſage (whoſe commence- 
ment at the ear is too well known to need explanation), tracing 
which, internally, we come to B (the membrana tympant, or 
drum of the ear) which is an expanſion almoſt circular, tightened 
or relaxed, by a 4 (the malleus or hammer), which reſts on it 
about its middle. The malleus is at its head articulate to þ (the 
incus Or anvil), which, at its other part, joins a very ſmall bone 
the arbicularis, and this the tapes or ſtirrup c, whole office is to 
cloſe, by its other end, the orifice of the foramen ovale in the veſ- 
thulum. F is the veſtibulura, £ the cochlea; 1, 2, 3, the ſemi- 
circular canals; N the auditory nerve, entering the veſtibulum 
and lining it throughout ; E the Euſtachian tube, which commu- 
nicates to the mouth. PE | | 
It should be remembered, that theſe parts are ſurrounded on 
al fides by the bone of the ſku!l, conſequently are hollowed out 
ot it; but that covering being ſuppoſed to be abſent in this re- 
preſentation, no regard can be had to the bearings of theſe parts 
in relation to it. : | 

No 2, is the bone malleus at large, ſhewing many riſings, &c. 
whereby it is held more ſecurely init s place. a, its head which 

| articulates 
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iculates into the hollow, a, of No. 3 (the incus), accurately 
Feting its irregularities. No. 4. is the orbicularis, which unites 
to the ſtapes, No. 5, whole termination, @ h, covers the forz- 
men ovale of the veſtibulum. | 

No. 6. is the veſtibulum at large; ſeen on that fide which 
hews the feneſtra rotunda (a), and the foramen ovale (b); which 

alt is ſhut by the ſtapes. A — 

No. 7 the veſtibulum, ſeen on that ſide which ſhews the per- 
forations, A, whereat the auditory nerve enters the veſtibulum, 
in order to line its inſide #-roughout. | | 

No. 8. ſhews the ſpiral diviſion of the cochlea ; part appearing 
bony, part membranaceous and nervous in texture, whole 
cords lie in the direction expreſſed by the ſtrokes ; theſe va- 
Tying in length ſo greatly, and with ſuch regularity, are adapted 
to receive impreſſions of all degrees or tones of ſound. 

1 hecourſe of ſound is, from its entering the ear to the mem- 
brana tympani, | but it the ſound enters through the mouth (as 
that of a watch held between the teeth), then it is through the 
Euſtachian tube | into the cavity of the drum; where, exciting 
the ſmall bones there fituated, it is tranſinitted into the veſtibu- 
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0 | lum, which is the immediate (eat of hearing, partly through the 
i feneſtra rotunda, par- ly through the foramen ovale, if the ſtapes 
1 be pulled away from it. | 
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GENERAL GENTEEL PRECEPTOR. 
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INTRODUCTORY 


* 


ASTRONOMY. 


OF THE SUN. 


„ s LY 


* O thou that with ſurpaſſing glory crown'd, 

Look'ſt from thy {ole dominion like the God 

Of this new world; at whoſe fight all the ſtars 

Hide their diminiſhed heads: to thee | call, 

But with no friendly voice, and add thy name, 

O SUN] to tell thee how I hate thy beams, 

That bring to my remembrance from wnat ſtate 

J fell, how glorious ence above thy ſphere, 

Till pride and worſe ambition threw me down.“ 

| : Paradiſe Loſt, Book IV. 

SUCH, ſays our immortal Poet, Mi Lrox, was the addreſs of 


the malignant ſpirit io our ſplendid luminary; of whoſe bene- 
cial effects, we entertain the moſt honourable opinion, : 


Be” 


* 
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If idolatrous worſhip may be in any degree palliated, that paid tr. 


to the Sun ſeems to have had the greateſt -pretences to reaſon : MY ; pa 

without his irradiating beams, what were the globe we inhabit, WM whe: 

but a cheerleſs void? without his invigorating: heat, it were an 1 0 

idle waſte. How melancholy would all mankind become, could cle 

they believe that at ſuch a time his ſplendour would finally ceaſe, kde 

or that he would then ſet to riſe no more o ce 

As it is, and under no ſuch apprehenſions, we behold wit! ts c 

regret the Sun's departure; and were not his abſence the time may 

for repoſe, and were not repoſe indiſpenſable to our wearied they 

nature, we ſhould never willingly forego the light of the Sun: ſay © 

juſtly, therefore, may he claim the firit engagement of our at- num? 

tention. | iu | Way 

The Sun is diſtinguiſhed from every object around us, by his com 

LIGHT; this is his firſt and ſtrongeſt diſtinction, and is ſo ne- A 

ceſſary, and pleaſant to us, that we pity thoſe eyes that never mori 

have beheld it. | | | Wa 

Is it inquired, of what is this ſource of light compoſed ? priv 

Before we attempt an anſwer, we muſt premiſe, (1) that we WY way 

have nothing on earth, in any degree, comparable to it, whereby 2 fol 

to determine its properties by compariſon ; for as our earth is pole 

an opaque body, void of native light, it aflords no applicable iſp: 

example. (2) What we call fire, or light, i. e. what fire or light imp. 

we on earth may be ſuppoſed to poſlels, is not elementary, but hic 

groſs, terreſtrial, and impure, even after we have made every mul 

; allowance and diſtinction between fuel and fire. It follows bnd 
h therefore, (3) that we can only conjecture on this ſubject, and 1 
fl ſupport our conjectures by the analogy of ſuch ſubſtances, or wei 
1 eircumſtances, as come uuder our examination. | exan 
bi We may conceive of any matter whatever as either ſolid, o fem 
q fluid. Solidity, is ſuch a fixity of parts, as does not permit the mor 
's motion of one over others. We cannot, in puſhing a ſolid body, large 
by, puſh what, parts of it we pleaſe, but, of neceſſity, we puſh from thick 
of us the whole of ſuch a body; whereas, we may roll over and thin 
by. over, may diſplace and remove, any of the parts of a fluid: adm 
1 For inſtance, we may agitate the ſurface of water without moving have 
2. the bottom; or may furrow one part of it, while a diſtant part on h 
& remains tranquil. By the bye, we are apt, when we inſtance 2 ind 
N fluid, to ſuggeſt the idea of water, becaule that fluid is our moſt by i 
. Intimate acquaintance: but we ought to recollect that ſome flu- ne 
it ids are of much greater weight and compactneſs ¶ ſulſtance ſnal! O 
if I call it?) than water; certain chymical oils we know are fo; bart 
il quickfilver, or mercury is fo, fourteen times heavier than water; Men 
4 and continuing this progreſs, we may eaſily conceive of a fluid lupe 
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extremely Jenſe and ſubſtantial, and yet permitting a motion of 
2 part, or parts, of its quantity, without diſturbing the Whale z, 
whereby it will ever be diſtinguiſned from a ſolid. 
Of ſome ſuch ſiuid the Sun has been preſumed to be compoſedz 
z cloſe, adheſive fluid of light; a confolidated fluid is, I acknow>, 
edge, an unproper expreſſion, yet it may ſerve to deſcribe a fluid 
o compreſſed, ſo united, as to leave ſcarce any vacancy between 
s component particles; conſequently, the ſame extent of ſpace 
may contain a very much greater number of particles, than if 
they were looſer, more diſtant, or ſeparate, from each other; we 
ſay at preſent ten times as many; conſequently alſo, if any given 
number of particles be ſuppoſed to quit this incorporate allem- 
blage, in a given time, it will be ten times as long before ſuch a 
comprefled body is ex hauſted. 
A fluid is more eaſily acted upon than a ſolid, its parts are 
more oily ſeparable, and, when ſeperated, are more divergent. 
Water is eaſily acted on; the very paſlage of the air over it, de- 
prirxes water of ſome of its particles, and its vapours ſpread every 
way, much further than duſt, or any ſimilar ſubſtance, flies from 
: ſolid body. The fluid, therefore, ot which the Sun is come 
poſed, is adapted to giv⸗ 2 its particles; but, to increaſe this 
liſpoſition of the folar ſuperficies to give off its particles, and to 
impel theſe particles with vigour ſufficient to quit that body, to 
which they naturally adhere, ſome active and vigorous impulſe 
mult drive them from their native abode : and this impulſe we 
bnd in a ROTATION of the {lar orb on its proper axis. 
Though our viſual powers may be well-adapted to the globe 
re inhabit. yet, we,mult not expect to find them equal to the 
examination of diitant worlds. It is true, theoutline of the Sun 
cems round; yet, for aught we know, that part of him, which 
more immediate faces us, might be flat he might reſemble a a 
arge diſh ſet at a diſtance, and be merely a flat body of a certain 
thickneſs, without any revolutory motion. I freely confets, I 
think, that had he been ſo, we ſhould have had little accaſton to 
admire his reſplendence; much more probably we ſthould-fcarce 
have ſeen him. But, if we ſuppoſe him a globe, ard revolving 
on his axis, we fuppoſe a power which cauſes inceſſant agitation 
md motion among his exterior particles eſpecially, and which 
by its conſtant and perpetaal activity, eher, his luminous beams 
in every direction around him 
Ot all matter hitherto known, light is compoſed of the fmalle& 
particles; and of-all giobes hitherto examined, the ſun is im- 
menſely the largeſt, being 793,000 miles in diameter, and his 
een contents 10,000 times the ſurface of the earth. l he 
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rapid revolution of a globe fo prodizious, muſt have moſt power- 
fail effect on particles ſo diminutive ; it mult ſhoot them through. 
out ſpace, and nothing can obſtruct their progreſs, but ſuch 


opaque and ſolid bodies as. forbid their penetration. Yet from 


ſuch bodies they rebound, diverging every way. By ſuch te- 
flected light we ſee the moon, and the planets. 

The MAGNITUDE of the ſun is cloſely connected with his s1- 
TVATION 7% the ſyſtem : and we ought to obſerve that according 
to the advances of ſcience, the magnitude of this luminary is cal- 


culated proportionably greater than formerly; which proves, not | 
that former principles were erroneous, but that they were not 


perfected, by ſuch accuracy, and advantages, as later times 


poſieſs. | | 


The ſol'd bulk of the ſun is eſtimated at one million times the 
ſolid bulk of the earth ; his furface, at ten thouſand times the 
ſurface of the earth; his diameter, ſeven hundred ninety-three 


thouſand miles —Dimenſions worthy admiration 1 It ſeems at 


firlt ſight, as if here was a waſte, a redundance : might not a 
ſun of tels magnitude have equally diſpenſed its beams, and ex- 
cited heat, to equal benefit. Light and heat a ſun of ſmaller mag- 
nitude niet have communicated 3 but it would not therefore 
have been to equal benefit. Witneſs what we ſo lately remarked 
of the impulſe of light; ſmaller dimenſions muſt imply ſmaller 
power. Beſides this, modern diſcovery has demonſtrated, that 
all large bodies attract ſmaller; that all ſmall bodies gravitate to- 
ward larger; that the more are the contents of a large body i. e. 
the more compact, cloſe, and denle its particles), the greater is 
its attractive power; it follows, that a ſun of diminiſhed mag- 
nitude would have been proportionably weakened in its effects on 
ſurrounding bodies. Were the ſun ſuddenly ſhrunk to the di- 


menſions of our earth, the order of the heavens would ceaſe, the 
ſan would be drawn from his ſtation, and the larger bodies around 
him would attract him toward themfelves. If we add the 


ſuppoſition, that our earth was ſuddenly enlarged to the dimen- 
ſions of the ſun, then it would become the centre of the ſyſtem, 
and merely by its magnitude would attract every revolving 
pianet, | | BE | 

It was neceſſary therefore, that the ſun ſhould be immenſely 
large, that his dimenſions might exclude every rival, that he 
might maintain his ſtation immovably, and that the influence, 
of his attraction might extend to the very extremity of the ſyſtem. 
Reaſon favours the ſuppoſition, that the largeſt aud moſt attt ac- 
tive body ſhould be placed in the centre; around which the ſmal- 


ler muſt circulate ; and here the ſource of light ſeems moſt pro- 


perly 
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to be expected. In fa, the ſun is the centre of the ſyſtem: and 
around him circulate the planets, and their attendants (one of 
theſe planets is our earth) ; all at ſuch regular diftances from him 
as counterbalance the effet of ſolar attraction, which conſtantly 
weakens, as diſtance increaſes. From the ſun then, we calcu- 
late the diſtance of his attendant planets. 
Thus we have conjectured, at the nature of the ſun's body, 
at his globular form, at his immenſe magnitude, at his central 
{tation : we ſupport ſome of theſe conjectures, by remarking that 
many SPOTS have occaſionally been obſerved on his ſurface. I 
remember a baker's man exclaiming, “ Maſter! Maſter! do 
come and look, there's a hole in the ſun ;** «© Aye, John, that 
Iwill,“ replied the maſter, “what's on tother ſide ?” The ſpot 
which occaſtoned the outcry, was ſurely large enough, for I re- 
member ſeeing it with my naked eye, and that diſtinctly: it was 
(really) at leaſt five times the ſurface of the earth. Solar ſpots 
are ſeldom fo large as this was; their magnitudes and their forms 
vary; and ſometimes even while ſubject to obſervation. 
Moſt of the ſpots conſiſt of a deep black centre, ſurrounded by 
a duſky cloud, whereof the inner ſkirts, next the black, are 
ſomewhat brighter than the outſkirts ; they change their ſhapes, 
ſomewhat like our own clouds, but they take longer time about 
it, ſometimes a few hours, ſometimes days; ſometimes a ſpot 
breaks into two or three; ſometimes two or three unite into one; 
ſometimes they are very numerous on the body of the ſun; ſome- 
times none appear for a conſiderable time. But the principal 
circumſtance attending them, is their motion, over the diſk of the 
fun. They enter the ſun on his eaſt ſide, and gradually croſſing 
his whole face, they go off on his weſt fide. Now, if there be 
twenty or thirty of theſe ſpots at once, and all follow the ſame 
motion from eaſt to welt, it implies very ſtrongly, that ſuch is 
the motion of the fan's body. Indeed they were the firſt to de- 
monitrate that the ſun has ſuch a motion , and alſo that he is 3 
globe, and not flat. | 
In looking at any flat object, acroſs which a body moves with 
uniform velocity, you ſee it move ſlraight; moreover, it ſeems in 
every part of its courſe to move with equal ſpeed, but the ſame 
object paſſing over a globe, ſeems to move quicker on the pro- 
tuberant part of the globe, that moſt directly oppoſed to the 
lpectator, and flower toward the ſides, or extremities. Exatl 
ſo are the ſolar ſpots ; they advance flowly, and increaſe in their 
apparent ſwiftneſs, but their ſwiftneſs decreaſes as they advance 
to the edge of the ſuns diſk. The ſolar ſpots appear alſo changed 
in their forms, becoming narrower as they approech the edge of 
ne ſolar diſk, till at laſt they become very thin, and — 
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It is natural to ſnppoſe that theſe ſpots move in the regular 
courſe of the rotation of the ſolar orb, that is, no doubt, perpendi- 
cular to his axis; had they moved vertically, they would have 
proved his axis to be horizontal; had they moved horizontally, 
they would have proved his axis to be vertical; but as their 


courſe is ſomewhat inclined, and only nearly horizontal, they 


prove the ſun's axis to be not perpendicular, but inclined tothe 
Plane of the ecliptic, above ſeven degrees and an half. itt 
There are various opinions reſpecting the nature and formation 
of the ſolar ſpots; ſome have ſuggeſted, that the ſun has an inter- 
nal nucleus, opaque, mountanous, and uneven, like our earth, 
which being covered over with a fiery luminous fluid, its ebbing 
or flowing may occaſionally expoſe the tops of the mountains, 
&c. adjacent, which appear like black ſpots. Others think that 
the ſun's body may contain volcanoes, which ejecting from time 
to time valt quantities of bituminous ſubſtances, they, and their 
ſmoke, &c, occalion theſe ſpots ; that as theſe volcanoes exhauſt 
themſelves, their ſmoke diminiſhes, and being fired by the ſun, 
becomes brighter than the parts around them : for it 1s obſerved, 
that the dark ſpots termed maculæ, are uſually ſucceeded by ex- 
traordinary ſplendour in the ſame parts, which ſplendid ſpots 
are termed /aculz. Others gueſs,” that in the fiery fluid are im- 
merſed hugeopaque bodies of irregular ſnapes, which riſing to the 
ſurface from time to time, form ſpots 3 while others ſuppoſe, 
that as in melted metals, the ſcum riſes to the top; fo the fluid 
of ſolarlight, being in perpetual agitation, raiſes the groſſer parts 
in various forms, which at length it diſſipates, or re-abſorbs. 
There is great reaſon to conclude, that the ſun is eneompaſſed 
with an ATMcSPHERE of light; either the ether which immedi- 
ately ſurrounds his body, heated ſo highly as to become lumi- 
nous, or fiery particles emitted from him, and retained near him 
by his attractive power. We muſt alſo remember, not only that there 
is of neceſſity a much greater number of particles around him, 
before they are diverged into the vaſt expanſe; but alſo that in 
our inſpection of this luminary, his rays cannot but be forc- 
ſhortened, and conſequently more ſenfible the nearer they are to 


his body. I his ſeems to be a very rational and well ſupported f 


opinion. 1 5 1 2 4 TRL C 
I 1heface of the ſun when clear of ſpots, ſeen by the naked eye 
through a ſmoked or coloured glaſs, or through the vapours of 


the horizon, (the effect of theſe mediums is only to moderate the | 
brightneſs of his rays, and permit the eye to bear the fight of 


the luminary) ſeems equally refulgent throughout; but throu 


a teleicope, the middle or protuberance of the diſk, from one 
| the 
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the light reaches us almoſt directly, ſeems the moſl ſplendid: as 
it is natural to expect from a globe. 


Does the ſun diminiſh? Is he pe erpetually ſupplying light; in | 


diſpenſing that important fluid without reſtitution ? if ſo, does 
he not waſte ? Perhaps not; conſider fitft the ſurpriſing ſmalinets 
of the particles of light; how many myriads may be compreſled 


into an inch ſpace of ſolid light, we ny not; next conſiderthe 


immenſe ſuperſicies of the ſolar orb; if ſuch a globe were dimi- 
niſhed in depth one mile, or ten miles, or much more, fotrivial is 
this proportion to the globe rel; that no poſſible obſervations 
could detect the loſs. Perhaps alſo, there is nd matter really an- 


nihilated, there may be ſame circulation of this fluid, which 


having performed its office throughout the expanſe, may be re- 
turned to its celeſtial origin. Is it impoſſible that it hould be 
interchanged by diſtant ſuns? 

The proverb ſays, The {un cannot be looted on ſtedfaſtly * 55 
and we mult acknowledge, that our viſual powers are unable to 
inſpect this luminary; but our intellectual faculties, which ele- 
vate humanity above its fellow-creatures, appear to great advan- 
tage in thoſe contrivances, and reaſonings, by which we inveſti- 


gate ſuch immenſely diſtant and wonderful objects. Our ſenſe 


are confined, but our ideas are free; our conceptions range with- 
out control over the univerſe itſelf : and it is our own faults if 
they return not with treaſures of wiſdom. 

The object we have been contemplating may well contriburs 
an ample ſhare to ſuch treaſures. The Sun is our conſtant friend, 
not merely paying us occaſional, or ceremonial viſits, but per- 
petually exerting his good offices; ſubſtantial benefits accompany 
his preſence; the whole creation awaits his approach, and daily 
welcomes his return; his tayours are impartial, frue, liberal, 
ſältributing unreſerved bounty to every atom of lite: if at an 
time he is obſcured from us, it is by our own clouds; if his luſ- 
tre is ever veiled, it is by terreſtial vapors; the fault lies not in 
him, but in ourſelves, and we will not ſuffer luch 1 interruptions to 
prevent our gratitude; 

Gratitude is the effect of a juſt ſenſe of favours received ; ; if we 
vndervalue them, We are ſo far ungrateful, if we overvalue them 
we are fo far verging toward idolatry. If we diſtinguiſh not the real 
ſource of our be mefits, our gratitude 3 is miſplaced ; and this very 
ſubject eis a proof what-dangers arife from a miſtake fo unhappy, 
ſinee the ſun himſeif is a ſervant, not the Matter, a creature, not 
me Creator. Yet there is ſomething more amiable in acknow- 
ledgiag benefits received, though we err as to their author, than 
in being inſen ple of them, and never railing an adoring eye 
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to the Heavens which furniſh them! here we pity error, but there 
we deteſt ingratitude : and while we wiſh to be equally diſtant 
from both, and while mil-directed ſuperſtition cannot be fuffi- 
ciently exploded, I think we may ſafely prefer it to brutal and 
'thankleſs atheiſm. 9797 571 


We began chis diſcourſe by faying, if idolatry might be palli- 


ated; it muſt be in worſhip of the ſun; and true it is, that to the 
dazzled eyes of mortals, the Sun in many reſpects, if not divine, yet 


ſeems a fit type of divinity. But we ſhall find a compariſon, how- 


ever flight, ' infinitely to the diſadvantage of the luminous orb. 
The ſun has ſpots; but God is light; and in him is NO DARK - 


Ess AT ALL.” If we cannot bear the light of the ſun, but mull 


Interpcſe denſer mediums to moderate his rays, what wonder no 


fleſh can ſee nis face © who dwells in light inaceeſſible and full of 
glory?“ The ſun too has his inclination; and his revolutions, 


but „ with the Father of lights is no variableneſs, nor ſhadow 
* of turning ;*”* no change, no viciflitide. I confeſs the magni- 
tude of the ſolar orb is great; he ſhoots his rays far, very far, 


but they diminiſh in power and effect, by diſtance : whereas 


Deity is omnipreſent, omnipotent, and his effulgence is univer- 


ſal and undiminiſhed. Nor let the ſun boaſt of perpetuity ; time 
was, when he ſhed no ray on any gladdened world; time ſhall 


return, when his ſervices ſhall be diſmiſſed, and his lamp extin- 


guiſhed. This may be diſtant, very diftant, but when ten thou- 


ſand times ten thouſand ſuns, his ſucceſſors, ſhall like him have 
expired in darkneſs, Deity ſhall be no nearer termination, ever; 
as before, perpetual ; the only juſt object of veneration, of reve- 


rence, and of love | 


Or THE MOON. 


8 


| IN our evening walks we are often led to obſerve what —. : 
advantages we derive from that fair planet which is the ſubject ot Þ 
our preſent diſcourſe : to remark the cool filvery beam, and the 
| ſober reſplendence, ſhed by our attendant ſatellite; whoſe high- | 
eſt degree of brightneſs is no ill ſubſtitute for the ſun himſelf ; and | 


indeed after the ſultry heat of an autumnal day, we enjoy no leſs 
the riſing of the moon, than after the ſeaſon of repoſe, we enjoy 


| the beams of morning. | 


Is it not Jaudable to enquire the regulations, and the proper- | 
dies of this gentle planet? is it not natural to wiſh for information 


with 


w- <OTHb 
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with regard to its cltanges, of which we are ſpectators? with re- 
gard to its influences, which we know are conſiderable ? 
| The moon is at no very great DISTANCE from the earth, as 
diſtances Fare found among heavenly bodies; about 240,000 
miles ; ſhe revolves round the earth from weſt to eaſt, in about 
twenty-ſeven days, which is called a Perioaical month,; and in 
every part of her orbit the preſents a different aſpect toour view. 
If the moon was a true luminary, poſſeſſing native light, we 
ſnould never perceive in her any diverſity of form; but as ſhe 
ſhines by light received from the ſun, and reflected by her ſur- 
face, it follows, that according to the ſituation of the beholder 
with reſpect ro her illuminated parts, he will behold more or 
leſs of her reflected beams: for only one half of a globe can be 
enlightened at one time. b :fy a | 
he principle is tamiliarifed by a ſimple experiment * ſet a 


candle at the further end of a table; hold a watch between the 


light and the ſpectator, the dial- plate turned to the candle: now 


in this ſituation we can neither ſce the dial-plate, nor any light 


reflected from it, but by moving the watch a little to the left, 


the dial-plate comes in ſight; and the further it is moved to the 


left (preferving its circular motion round the ſpectator) the more 
of the dial- plate becomes viſible, till at length having got half 
through the revolution, the dial-plate is exactly oppoſite to the 
ſpectator, and is vifible diſtinctly and entirely. 1 
Obſerve, that at firſt, the earth (the ſpectator), and the moon 


(the watch), were in a direct line with the ſun, (the candle), the 


moon being between the other two; but now the moon and the 
earth are again in a direct line with the ſun, but the ſpectator 
is between the other two, (this is termed oppo/ition :) Thus, at 
full moon, in what quarter of the heavens is the ſun ? — diame- 
trically oppoſite to the moon. There remains now only to con- 
tinue the courſe of (the watch), the moon round (the ſpectator), 
the earth, to complete a revolution, and bring her again to the 
ſtation ſhe quitted. 

This would be a juſt repreſentation of theſe planets, were the 
earth always at reſt; but while the moon has been engaged in 
her courſe, the earth alſo, having a courſe of her own, has 
advanced during one lunar revolution (or month) in her proper 
orbit, and rhe moon muſt prolong her progreſs, in order to come 
again exactly into a direct line between the ſun and the 
earth, from which conjunton, ſhe is to begin her courſe anew. 
This additional time is upwards of two days, and five hours, 
making in the whole twenty-nine days, twelve hours, and forty- 
four minutes, which is termed a /ynodical month 1 . 
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I Theſe bodies being now in a ſtraight line, may explain the 
nature of ECLIPS ES. The line deſcribed by the moon in her 


courſe, does not always coincide with the line of the earth's ent 
motion, but is ſumetimes higher, ſometimes, lower; and agrees | ign 
with it only now and then, croſſing it in certain parts in moſt of fac 
its revolutions. If the courſe of the moon be higher than the pe: 
plane of the earth's motion, it cannot intercept the light of the aw 
ſun from the earth, (which conſtitutes, an eclipſe of the ſun); for 1 
the rays, of the ſun paſs under it; or if, when between the ſun anc 
and the earth, it be /:w2r than the plane of the earth's. motion, the 
it hides no. part of the ſun, but the rays of the tun paſs over it: at 
but when between the ſun. and the earth, the moon is;in that c« ] 
part, of her orbit which coincides with the plane of the earth's reg 
motion, then ſhe is bon fide interpoſe;! in a direct line, between div 
the ſun and the earth, and in biel Whey the beams of the ſun pol 
paſting toward the earth are intercepted by the moon, and the ſelv 
earth is depri ved of them: in other words, the ſhadow of the bel 
moon falls upon the earth. This conſtitutes a soLAR eclipſe. : 
An eclipſe of the moon, it is evident, cannot happen in this ena 
ſituation, which is that of what we call new moon; her unillu- wt 
minated face being turned toward the earth; nor can it happen not 
{18 when ſhe has performed a quarter of her courſe, for then ſhe is of c 
fl not in a direct line with the ſun and the earth; at the full moon of 
1 only, can this everſt happen. . gra 
| As the path of the moon is not always coincident with that of ſcar 
| | the earth, ſhe enjoys at this period much the ſame advantages as dov 
N | we have obſerved the earth had enjoyed, i. e. that when her 8 
1 courſe is Higher than the earth's, the rays of the ſun reach her, mo 
pl by paſling «ver the earth; and when her courſe is lower than the its 
#1 carth's, they reach her by paſſing uzer it: but when the two unt 
Th courſes truly coincide, the carth receives the light of the ſun, ecli 
. and intercepts thoſe beams which were paſſing towards her. In ecli 
A conſequence, having no light in herſelf, ſhe ceaſes to ſhine, in eli 
4 ſuch proportion, as the earth has deprived her of light; in other tim 
| words, as the ſhadow of the earth falls upon her. = the 
4 Such are the elementary principles of that phenomenon, which Wl hou 
fa excites terror inthe mind of ignorance ; which has been dreaded | : 
Þ4q as an evil omen, has ſunk the hearts of the moſt valiant, and has Ml plac 
[1 weakened the ſpirits of the moſt magnanimous ! Nevertheleſs the tutt 
Mi celebrated eclipſe of the ſun, foretold in the infancy of Aſtro» ore 
"3 nomy, by T HaLrs the Ionian (ante A. D. 603), which hap- MW ovi 
0 pened during a battle between the armies of Alyattes king of WM and 
1 Lydia, and Cyaxares the Median, being regarded by both par- WW pals 
j ties as an evil omen, it ſuſpended the engagement, and was fol- 
bi lowed by a peace, | = 
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This phenomenon, once generally dreaded, and dreaded ſtill 
among the unenlightened nations of the earth, yields us rational 
entertainment ; ſuch is the difference between knowledge and 
ignorance | wo look out for an eclipſe, and anticipare the ſatiſ- 
faction of the ſight, while the ſavage ſhrinks from the awful ap- 
pearance, or clatters every inſtrument capable of noiſe, that he may 

awaken the moon from her ſwooning, or eaſe her in her labour. 
The heathen of antiquity lighted up torches, ſounded trumpets 
and horns, and rattled their veſſels of braſs and iron ; and after 
the eclipſe was over, proceſſions and ſacrifices expreſſed their joy 
at her deliverance. Our compaſſion withholds the ſarcaſm, 
«Lo! theſe are the gods you worſhip ;”” while we cannot but 
regret the blindneſs of mankind, who adopted ſuch impotent 
divinities, who after beholding the utter inactivity of their ſup- 
poſed deities, yet called for help on gods unable to help them- 
ſelves, and ſought protection from gods on whom they alſo 
beſtowed aſſiſtance. 

The advantages we enjoy in the ſcience of the preſent day, 
enables us to meaſure and to deſcribe an eclipſe with certainty z 
—the moon now ſhines full; but firſt, on her eaſtern limb we 
notice a ſlight deficiency of light; ; now it augments into a notch 
of dark; now the dark increaſes, as ſhe advances i into the ſhadow 
of the earth, which at length covers great part of her, now it 
gradually withdraws to the other ſide of the moon, then becomes 
ſcarce apparent even there, till having entirely quitted the ſha- 
dow, the planet reſumes her former luſtre. © | 

Such, is the courſe of eclipſes: they are greater or leſs,” as tlie 
moon enters more or leſs deeply into the ſhadow of the earth and, 
its atmoſphere; which, in current language, may paſs for one 
uniform ſhadow. "The longeft poſſible duration of a total lunar' 
cclipſe, is three hours, fifty-ſeven minutes; but a total lunar 
eclipſe may be twenty minutes ſhorter. The longeſt total 
eclipſe of the ſun (total darkneſs) is about four minutes; and the. 
time taken by the moon to crols the ſun's body (the duration of 
the eclipſe), is, at her neareſt acceſs to the earth, about two 
hours and three quarters. 

The moon in the middle of a total edt is viſible in ſome” 
places, and inwiſible in others, according to the different conſti- 
tuttons of the air; but generally ſhe appears of a duſky, reddiſh,” 
or copper-colour, eſpecially towards the edges: this colour is 
owing to the ſolar rays refracted through the earth's atmoſphere, 
and reaching the moon, the red rays being leaſt retracted, they 
pals through our ir atmoſphere} in the greateſt quantity. 
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r 6 PROPERTIES OF Hh | 
We remarked of the ſan, that although he is 2 globe, yet 


the moon; which, though unqueſtionably a globe, yet pre- 
ents a flat face (termed a Difk) to the ſpectator. The sUrra cy 
or this diſk, even to the naked eye, appears rough, uneven, and 
all of mountains and caverns. © A teleſcope ſhews very plainly 
the ſeparation between her enlightened and her dark parts, bro- 
ken by hills and valleys ; in her lately enlightened parts, preſent- 
ing many dark ſpots, while in her unenlightened parts, thetops 
of the mountains and eminences catch the firſt gleams of the 
ſolar rays, and are diſtinctly feen to enlarge, and become bright- 
er as the light ſpreads downwards on them, . This very agreeable 
fight requires but an hour or two to complete it. NOV. 
The mountains in the moon are thought to be higher than 
any we havefon earth, (but Mr. HERSCHEIT rather thinks they 
are not ſo high) and her caverns proportionally deep; whence 
ſome have ſuggeſted that if ſhe has any inhabitants, they may uſe 
them as cool retreats from the ardour of the ſin, which cannot 
but be very great in the courſe of a Uay a fortnight in length. 
Obſerve, that during the courſe of the moon round the earth, 
the ſun enlightens ſucceſſively every part of that globe, but only 
once; ſo that ſhe enjoys but one day in all that time: the revol- 
ving but once on her axis, conſequently but once turning in fuc- 
ceſſion each part of her ſurface to the fun. Obſerve too, that 
as ſhe turns on her axis in the ſame time as the goes round 
the earth, the ſame part of her ſurface is conſtantly directed to- 
wards us; except what little variation is occafioned by the dif- 
ferent courſes of the two planets. To explain which, by com- 
paring the face of the moon to a human face, we may ſay, that 
e ſometimes ſee leſs of her right cheek, and more of her left; 


2 reafon of his diſtance he appears fat; and the ſaine we obſerve 


% 
4 


ſometimes more of her right cheek, and leſs of her left; ſome- 
times we ſee more of her forehead ; and ſometimes more of her 


chin. This is termed her 7bration. WY elne, 
This roughneſs of the moon's ſurface is of great uſe to us: for 


an opaque body perfectly ſmooth, is ill-adapted to reflect a conſi- : 


derable quantity of light, but merely gliſtens in a particular part 
of its ſurface, and the rays from the other parts ſtrongly 
diverge, and are loſt, without reaching the ſpectator: whereas 
by a rough ſurface, the rays are refracted innumerable ways, and 
they fall upon innuinerable points, which reflect them copiouily 
in every direction. | 1 M rode 0? 27 7 
In the moon, ſome parts reflect more light than others; the 

dark parts have been thought by ſome to be ſeas and lakes; and 
it has been obſerved, that the line between the dark and _ 
| N Parts, 
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parts, is in theſe places ſmoother than elſewhere ; while others | 


1 


ſay, they diſcover even in the darkeſt parts of the moon, . caverns 
and empty pits; theſe however may be ſhallows and rocks; ot 
caverns in thallows and rocks. 3 
The enlightened parts of the moon ſhew dark iſh ſpots, which 
are certainly cavities; for the ſhadows in them are obſerved tc 
fall different ways, according to the fituation of the fun, an 
when his beams fall dire&ly down them, they have no ſhadow. 
It has been debated whether the moon poſſeſſes an a M= 
PHERE : if ſhe does, it is much thinner and more rarefied than 
our air is, for it has no perceptible effect on the light of 4 


ſtars, when approached by the body of the moon, bur inſtead 0 
being obſcured, or dimmed by it, they preſerve their brightneſs 
even in aciual contact, On the other hand, in certain total 
eclipſes of the ſun, a faint pale light has been ſeen environing 
the moon, which is beſt accounted for on the ſuppoſition of an 
atmoſphere. | 5 0 85 

[ proceed to ſuggeſt a hint or two on the PECULIARITIES 
apparent to the inhabitants (if there are any) of this planet, {inc 
in many reſpects they differ, totally from our obſervations = 
inſpections of the moon. N r 

(I.) As the moon ſhews conſtantly (or nearly) the ſame fide 
to the earth, thoſe inhabitants oxy who reſide on this part of the 
moon, have a view of the earth; and if thoſe. on the other ſide 
have curiolity enough to deſire the fight, they muſt take a jour- 
ney on purpoſe. (2.) To thoſe who conſtantly view the earth, 
itzppears fixed, or at leaſt to have no circular motion; or but 
little according to the moon's libration. (3.) To thoſe who 
reſide in the centre of the moon's viſible: hemiſphere, the 
earth ſeems vertical, i. e. directly over their heads; as the mY 
appears at noon to our torrid zone. Whereas, (4.) to thoſe 
who live in the extremity of that hemiſphere, the earth ſeems 
ſtationed in their horizon; and as they move round the earth 
(monthly, the earth ſeems to circulate round them, as the ſun 
ſeems to us to move round the earth. (5. ) The earth to the 
hinarians, bas in the courſe of a month the ſame variety of 
phaſes as the moon has to us; when the moon is at full to us, 
the earth being between that and the ſun, its enlightened parts 


are turned from the moon; it is therefore netu. As the moon 


advances between the earth and ſun, the enlightened parts of the 
earth become gradually viſible to the moon, and at new moon, 
it is to them Full earth; they beholding the whole enlightened | 
terreſtrial hemiſphere. The lightthrown upon the moon by the 
earth appears a day or two before, and after, the new, moon, 
A a2 | | rendering 
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We - PROPERTIES OF | 
rendering the whole of that plane, even its (otherwiſe) urn. | 
lightened and dark parts, viſible to the naked eye. (E.) The 
carth appears to them variegated and ſpotted, by means of its 
continents, iſlands, oceans, &c. By theſe ſpots the lunarians 
will determine the earth's diurnal rotation, as we do that of the | 
ſun: (7.) During an eclipſe of the ſun from us, they will ſee | 
the ſhadow of the moon depriving the earth of part of its light, 
and progreſſively moving over it in a certain direction; but they 
will never fee the earth totally eclipſed, becauſe the moon's 
thadow is not broad enough to cover it, but the ſun may be 
totally eclipſed from them for a time, by their immerſion in the 
ſhadow of the earth. 1 Hb „ FF 
© Having now acquired a pretty good Idea of the nature of he 
lunar phaſes, of the moon's ſhare in eclipſes, of her external 
ſtructure, &c. it remains to inquire into ſome of thoſe benefits 
which this attendant beſtows on us. | A 

As the ſun riſes he aiſo ſets ; his abſence is the cauſe of dark. 5 
neſs; darkneſs is unſociable, and gloomy, I might almoſt ſay 90 
hideous; ſurely then, we muſt acknowledge our obligations to 
the ſilver moon, whole light ſupplies the abſence of the tun ; pro- 
longs the day, ſometimes almoſt doubles it, and though in itſelf 
a ſmall body, of only 2184. miles in diameter, yet being nearus, 
the moon affords us more light than all the ſtars, though pro- 
| bably they are globes of fire; it is true this magnificent reflector 
is perpetually changing; and her orbit heightens, or lowers, in 
eeming irregularity ; but this irregularity is beneficial; it is li- 
mited, fo as never to be injurious ; and it prevents a conſtant re- 
turn of exact oppoſition and conjunction. 7 2 
ye influence of the moon on the tides is well known; by the 

variations of her orbit they aſſemble, as it were, in different pla- 

ces, and inſtead of exerting their force conſtantly againſt the ſame 
ſpot, it ſtrikes, now here, now there, ſo that any one ſhore is | 
but ſeldom oppreſled by its ſtrongeſt effort, and conſequently is 
leſs ſubject to damage. Nor ſhould we forget that ſometimes Þ 
the moon prolongs the evening of the day, ſometimes anticipates 
the rays of morning: how thankful a benighted traveller for the 
firſt! how joyful an almoſt embayed ſailor for the latter] or, 
when ſhe ſhines throughout the night, in thoſe parts of the eartè 
where ſultry ſuns ſcorch the inhabitants by day, they rejoice in- 
he cool moon-light, as in a ſeaſon of refreſhment. The Arab | 
now prolongs his journey, and the camel enjoys the falutary Þ 
breeze; the very lands, burning but a few hours ago, now Þ 
become bearable, and ſeem ſenſible of their deliverance from the 
o e : 
oh wy | 


i 


2 3 2 


Why is the light of the moon cool? why is it not ſultry, as 
that of the ſun? (x) Becauſe it has not power ſufficient to agi- 
tate our atmoſphere, nor velocity ſufficiently active to rebound. 
in every direction, from every quarter where it ſtrikes, Having 
previoully undergone ſuch refractions and reflections in the lunar, 
orb, like a rebounding ball, it has loſt great part of that vigour. 
with which it ſtruck its original object. (2) Becauſe the globular 
form of the moon diverges its rays, every way, whereby a ſmalleꝶ 
number talls on any given ſpace ; and this weakens the lunar rays 
ſo greatly, that perhaps at no very extenſive diſtance beyond the 


earth, ſhe.may be ſcarcely viſible, "This is certain—that burn, 


ing-glaſſes, which, by condenſing the ſun's rays ſome thouſand 
times, produce ſurpriſing heat, are unable, by any condenſation 
of the lunar rays, to unite them into heat, ſenſible either to the 
hand, or to the thermometer. | | | 98 


# +» 


Should any aſk, why ſhines not the Moon conſtantly during 


the night? I reply, night is the ſeafon for repoſe ; of what bene- 


fit then were perpetual moon light ? _ ” 

But why ſhould the moon perpetually change? Becauſe with- 
out ſuch change ſhe could never have fulfilled her appointment, 
of indicating times and ſeaſons (rural, and civil, perhaps ſacred) 
to mankind, which is evidently her very important charge. 

The firſt men, affected by the conſideration of the twoy 
fold ſervice the moon did them, by enlightening the night, and 
by regulating all mankind, conſecrated the uſe they made of its, 
phaſes by a holiday or feaſt, which they ſolemnized at every time 
of its renewal. The Neamenta ſerved in a plain and commodioug 
manner to regulate the public exerciſe of their devotion, But if 
ticy regularly gathered together to make their ſacrifices, and lov- 
ingly to viſit each other at the return of every new moon, that 
worthip and thoſe holidays were no way relative to the mosn it- 
ſelf. God was the object of them; and the moon had no other 
ſhare therein, but that of putting men in mind of celebrating 
them. | | 23  , | 
« The ſtars had not as yet received the names they now go by, 
Without taking notice of the ſeveral conſtellations under which 
tie moon is ſucceſhvely placed within the ſpace of its monthly 
courſe, men were contented with only determining its progreſs, 
by the variety of its appearances ;, and inſtead of employing cal- 
culations, as has been ſince done, to mark out the preciſe inſtant 
of its having overtaken the ſun anew, under which it had paſſed 
nine and twenty days before; the aſtronomy of thoſe times was 
contented with the bare teſtimony of the eyes, and they reckoned 
the ncw moon from the day it could be perceived, It Was in or⸗ 
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dex. to get intelligende of it, without hindrance, chat they aſſem- 
bled and met together in high places, or in deſarts remote trom 
the habitations of men; that no obſtacle or any thing tnight 


ſereen the horizon from them. When the crefcerit had once 


been ſeen, they ſolemnized the Neomenia, or the ſacrifice of the 
Ye Rang which was fucceeded by a repaſt, where all the 


families cheerfully, and with fimplicity and candour, eat whar 


notable event occafioned the inſtitution of ſome annual feaff, 
they very often joined it to the Neomeriia, Which was the ufual 
day of aſſembly. The new moons, which concurred with'the | 
"renewal of ſeaſons, and to which our four Ember-weeks do ftill 
correſpond, were rhe moſt folemn'ef all. That euſtom of meet- 
ing together injhigh places or in deſarts, that of keeping the new 
' phaſes, hat of celebrating the Neomenia by a ſacrifice and by 
Prayers, in particular, the ſolemnity of the new moon, which | 
concurred with the ſowing, or followed the intire gathering of 

the fruits of the earth; finally, the repaſt and the ſongs 'which | 
came after the ſacrifice, are uſes, all of which were, from this 


common ſource of mankind, handed down to all the nations of 


the univerſe. All theſe cuſtoms we find again among the He- 


brews, the Egyptians, and the Arabians, from whom they, to- 
gether with Mahometiſm, were delivered down to the Perſians 


and the Turks. The ſame uſages were common to the Greeks | 
and the Romans, as alſo to the Gauls, and to nations which 
had no manner of communication with each other : They were | 
found again among the Caribbees, and ſome other American | 


Nations. 


„ Scripture abounds with facts, which evidently prove that | 
| thecyſtom of ſacrificing on high places was eſtabliſhed among the | 
Hebrews as well as other nations, even before the law, and that | 
it even ſubſiſted in Iſrael fince, and in ſpite of the law. 1 

« If the Hebrews and the Heathens agree together in the prac- } 
tice of their ſacrifices, purifications and libations, in their incli- | 


nation to gather together upon high places, and in the regularity 


of their Neomeniz, a grain of ſincerity will make us ſenſible, | 
that the Hebrews are not indebted to the Heathens for theſe cul- 
toms, and that the Heathens did not borrow them from the He- 


brews ; but that both the Hebrews and the Heathens had them 


from the remoteſt antiquity, and from the common ſouree whence 
they all ſprung,” I mean from the family of Noah, when the | 
Whole was contained in the plains of Chaldea. This point of re- 


1 


union, equally plain and certain, is the ſole unravelling of the 


difficulties whch have divided the learned. The whole of _ 
in 


ſubſtituted this occaſon for the ohject of their worſhip. 
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kind being gathered round Babel, had already the pi ice of the 


ſacrifices; made hefore, and renewed by Noah imme: ately after, 
the flood. For want of writing, what means could. be more na- 
tural and mare public, to call together to the ſacrifice a multitude 
of families diſperſed, than the ſight of the decline of the moon, 
and the return of the new ? It is even very likely, that the fun, 


which before the flood marked the courſe and the bounds of the 


year, by the diverſity of the ſtars under which he paſſed, did it 
however, without the ÆEquator, and put no difference between 


one day and another day, or one ſeaſon and another. The moon 


vas then the moſt proper means to mark out the beginning and 


the progreſs of months: and Noah, when he fixed the religious 
meetings at the time of the Neomenia, did but renew what wits 
practiſed before the flood. So the fathers of all nations having 
deen long enough under the ſame leader, in the ſame place, uni- 
ted by the ſame wants, the ſame language, and the ſame prac- 


tices; it is the plaineſt thing in the world to think that the cuſtom 


of meeting in high places, and at the return of the new moon 
the offering of the fruits of the earth, the ſacrifices, the common 
repaſts, and the ſongs, are all uſages which have with them 
paſſed through the earth. This is what they have conſtantly pre- 
ſerved ever ſince their diſperſion; and in every other thing, they 
conſtantly proceed with making, themſelves diſtinguiſhed from 
each other. You are ſenſible, how this agreement of all nations 
in the religious cuſtoms, which ſuited the firſt ages, and their 


infinite variations in all the reſt, coneur to teſtify the truth of 


Moſes's narration, and the perfect knowledge he had of the ori- 
gin of things.“ | VVV 
Theſe are the ſentiments of a very agreeable author. What 


a Pity is it, that mankind did not preſerve pure the memorial of 


times and ſeaſons! but both unfortunately, and impiouſly, too 
{ſtrongly venerated the inferior occaſion of their ga god 
ne 
not here repeat, the coſtly ſacrifices, the pompous offerings, the 
ſolemn proceſſions, in honour of Diana, of Lunar of Hecate, 
1. e. of the moon, under a thouſand different names, and with 
a thouſand different ceremonies : the queen of heaven had ( and 
has ſtill ) numerous ſuperſtitiousvotaries, Who, ignorant of phi- 
loſophical truths, and uninſtructed by benevolent revelation prac- 
tiſed abſurdities, and believed in lies. I 
There is nothing more important to mankind, than a juſt eſti- 


mate of occurrences and circumſtances, of things and their pro- 


perties. "Ungrateful ! thoſe who continue inſenſible to the Rind- 
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ties; who will not ſee their order, their beauty, or the ir impor. 
tance 5 but without thankfulneſs enjoy their benefits, and with 
out gratitude receive their ſervices ;'who repine at that ceconomy 
they cannot improve, and deny the excellence of the diſpoſitions 


of ſurpreme Wiſdom. Unhappy ! on the other hand, thoſe who 


overvalue ſecondary cauſes, who, miſtake ſervants for ſuperiors, 
who cry to the ſun, „O Baal, hear us!“ to the moon, «© We 


beſeech thine influence!“ Unhappy ! who rely on created objects 
for protection, and expect fuccours even from a radiant planet! 


It becomes us to remember, that from ſuch ſuperſtition we are 


happily liberated ; may we never be enthralled by ſimilar bon- 


dage, or be captivated by the ſubjects of viciſſitude, and mu. 


* 5 


Or Tzz PLANETS sEEN FROM THE SUN. 


HAVING lately deſcribed the ſun's body as an immenſe 
globe of liquid fire, in conſtant OR and, with inceſlant 
vehemence impelling from its ſurface vaſt floods of light, —to 
requeſt an excurſion to that luminary, may ſeem to need an apo- 
logy: what mortal foot ſhall ſtand on waves of fire ! what earth- 
born clay ſupport refulgent light! y 50 5 


Deſcend from heaven, URANIA, heavenly born, 
Wiſdom thy ſiſter! Up led by thee -- i ;-:4% 
Into the heaven of heavens, we may preſume, 
Though earthly gueſts, and draw empyreal air, 


Thy tempering 


Our buſineſs here, is, not to examine the refulgent orb itſelf 
to admire its brightneſs, its qualities, or its inhabitants (if it be 
inhabited); as ſtranger viſitants, we merely requeſt a ſtation on, 
its ſurface, from whence to ſurvey the expanſe of ſpace around us. 

Firſt, we notice that extremely bright little ſtar, which, being 


neareſt, reflects the ſolar rays with the moſt ſprightly luſtre. 


Mortals on earth have called it MERCURY: that name it may 


ſtill retain, Somewhat further off, we ſee (II.) VENUS; next 


(III.) the EAx TH; beyond it (IV.) Mars; then (V.) Jupi- 
TER; then (VI.) SaruRN ;—that, ſtill more remote, has lately 


been diſcovered to be a planet by Mr. HERSHELI, and by 
him named (VII.) the GEOROLAN planet, in honor of our lait 


ent 
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ſent Sovereign, in whoſe reign its nature was firſt aſcertained. 
Did we poſſeſs powers equai to prophetic viſion, or “ the ken 
of angels, we might conceive ſome ideas of the immenſe inter- 
vals between theſe celeſtial bodies. If we ſay, that Mercury is 
onLY thirty-two. millions of miles diſtant from the ſun, that 
Venus is BUT f/ty-nine millions of miles, and the Earth u mare 
than eighty-two millions: we ſmile at only and but, as applied to 
theſe diſtances of the inferior planets 3 what then ſhall we think 
of Mars, diſtant one hundred twenty-three millions; or of. faun 
hundred and. twenty-four millions, the diſtance, of Jupiter? 


Yet this is not the whole extent which requires, our ſurvey, 


for Saturn is diſtant ſeven hundred and ſeventy-ſeven millions: 
and the Georgium Sidus is very far beyond him. And this 
is the loweſt computation ;—recent obſervations enlarge the 
diſtance of the earth, to ninety-ſix millions of miles, and that 
of the other planets in proportion. | 


% 


| Nay, we mult not ſtartle even at this; for theſe are only the 


meaſured diſtances of regularly revolving ſtars, whoſe courſes - 


maintain nearly an equation of diſtance. 'T here are others, 


ſome of whoſe revolutions are fo eccentric, that upwards of five 


hundred years are conſumed in one courſe round the ſun: theſe 
(comets) are numerous, and they differ from planets, in that 
they are not ſtationed at a fixed diitance from him, but now ap 
proach him cloſely, now fly off into the immenſity of ſpace. 
When we conſider the vaſt bulk of the fan, whereby he is fit- 
ted to be the centre ofthe ſyſtem, and whereby his attractive influ- 
ence extends immeaſurably around him, we mult admit the poſ- 
ibility, that other (perhaps many other) planets may be placed 
at {till greater intervals; and this is rendered credible, by the 
extreme remoteneſs to which the cometary orbits extend; for if 
at that diſtance, the ſun's power re-attraCts thoſe bodies, why 
may it not alſo determine the courſes . of others in regular or- 
bits ? | ernte 
Suppoſing ourſelves in the ſun, we ſhould ſee the planets lately 
mentioned, deſcribing a pathſin the heavens, as among the ftars:. 
under which idea we offer a few remarks :. (1.) Lo a ſpectator 


in the ſun obſerving a complete revolution of the planets, they 


would appear to move ſteadily and equably round him from 
Tat hand to left; without hurry as without delay. (2.) Al- 
though they would appear to move nearly in the ſame plane, 
yet it would not be exa&/y:io ; but it would very rarely happen, 


that one ſhouid hide another from his ſight; they Would be ei- 


ther a little higher, or a little lower, one than another, ſo that 
in general they would all be viſible. (3.) If we ſuppoſe them 
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to be all in one direct line from him (I fay-if looking forward; 
he faw them all in one line) when beginning his obſervation, 
yet, by reaſon of the ſmaller orbits of ſome, and their conſe- 
quent differences of apparent velocity, ſuch a regular line would 
quickly appear difordered ; one might perhaps have got a quarter 
of his orbit, another an eiglith, another a tenth part, and ſo on: 
— further ſtill, when one had appeared to have proceeded: half 
his revolution, and the ſpectator, wiſhing to obſerve him, mult 
turn his back to his original ſtation, yet in that ſtation he would 
leave ſome who would appear ſcarcely to have moved by the 
time others had completed their courfes. (4.) As theſe planets 
fhine by light received from the ſun, eacly would a/ways ſhew 
its illuminated half to the ſunn. Ut 6 
All the planets appear white or luminous; becauſe their ſur- 
faces reflect the light received from the fun, except that refrac= | 
tion of it on their rough ſurfaces, which we mentioned with 
regard to the moon, whereby we are enabled to fee them. I here | 
is however ſome little difference in the colours of the planets, a 
their ſurfaces are differently modified. Venus inclines a little 
toward yellow; Mars is ſomewhat reddiſn; Jupiter very white; 
and Saturn a little livid; one reaſon of which may be his great 
diſtance. | {F366 een 5 
The periodical times of the planets may be expreſſed in round 
numbers, by ſaying, that Mercury circulates round the fun in 
three months; Venus in ſeven months; the earth in twelve 
months; Mars in two youu Jupiter in twelve years; Saturn in 
thirty years; and the Georgian Sidus is thought to take ſeventy E 


or eighty years, to complete à revolution. L 
{| We remark here that there is a regular ratio between the times 
of the planet, s revolutions, and their diſtances from the tun; | 
Mercury, diſtant thirty-two millions ot miles takes but three 
months; while Venus, whoſe diſtance is 59 millions oſ miles, 
(and who conſequently has a more extenſive orbit to paſs over), 
is allowed a proportionally greater time, viz. {even months; 
the earth requires twelve months, to perform a courſe whoſe diſ- 
tance is 82 millions of miles. Double the time is allowed to 
Mars, becauſe his orbit is nearly double this diſtance, being 123 
millions of miles; and Jupiter and Saturn are indulged with | 
many years, becauſe the diſtance of the firſt is 424 millions of 
miles; and that of the latter is 777 millions of miles; to which 
thirty years are not more than adequate. The diſtance of the 
new planet, is more than 1700, millions of miles, to 83 years. 
The enumeration of ſo many millions of miles, is inconres 
nient, and apt to burden the memory; for abbrevation; mare 
vide 
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vide the diftanee of the earth from the ſun, into ten parts. at four Bl 


fuch parts from the fun, we may eſtimate. Mereury; Venus at BME 
ſevenſuch parts; the Earth, at ten ſuch parts; Mars.atifteen, 
i. e. half ar far again as the earth; Jypiter at fifty-two ſuch 
parts, i. e. more than five times as far from the fun as ourſelves; 
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and Saturn at ninety- five ſuch parts, between nine and ten times [ 19 
Though we have thus ſtated the diſtances of the planets from the 17 
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ſun, and though we have ſaid· to a ſpectator in the ſun they 
would appear equable and conſtant, yet, in reality, part of .cac| 
of their orbits, is a little Further from the ſun than the mean 
diſtance; and the oppoſite part of the orbit, -is a little nearer 
to him than the mean diſtance. If I knew any one Engliſſ 
word which would expreſs nearer- to- the- ſun, or, further-from- 
the-ſun. I would readily adopt it, but as our language affords no 
adequate expreſſion, aſtronomers call Peribelion ;—the neareſt - I. 
diſtance of aplanet to the fun, and Aphelion—the greateſt diſtance 16 
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of a planet from the ſun; theſe terms are derived from the greek 
language. 'Theſe points, we muſt remember, are always oppo- 
/ite to each other in the orbit of a planet. The perihelions of the 
planets are in different points of the heavenn. 
\ Thoſe bodies neareſt the fun muſt needs receive moſt of the 
ſun's light, and that light, muſt produce proportionally greater 
effects upon them; proviſion is made for their ſuſtaining theſe 
effects, by a variation in the denſities of the planets. Mercury, 
which is neareſt to the ſun, is moſt compact, and denſe; Saturn 
is of looſer texture; the Earth which is between theſe planets, 
is between them in denſity. The difference is not very conſider- 
able; but as it ſeems to be appointed by Infinite Wiſdom, it is 
not, cannot be, unworthy our notice. The whole bulk of the 
planets united, is but one fix hundred and fiftieth part of the 
bulk. of the ſun. We ſhall now notice theſe bodies in order. 
MERCURY is the neareſt planet tothe ſun; the eccentri- 
city of his orbit is conſiderable, being above one-fifth part his 
mean diſtance, or the ſemi-diameter of his orbit. In bulk, he 
is the ſmalleſt of EE Tn. in diameter only 2, 160 - ſome 
ſay— 2, 6o0 miles. is light is extremely bright and lively, owing 
probably to his nearneſs to the ſun. He circulates round the ſun 
in 87 days, 23 hours, 16 minutes, travelling 95,000 miles per 
_ He has no moon; nor from his ſituation has he need 
an 5 ö 118 ö g bo] «a 4 1 . > + #4 ? , 
VENUS, the next planet to Mercury, moves in nearly a 
circle round the ſun 69,000! miles per hour; her axis is ſome- 


what inclined to the ee Her bulk is nearly tht 
| 6 
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of the earth, being 7,900 miles in diameter; her light is ſplendid; 
no moon has yet been difcovered to accompany her; ſhe cireu- 


lates round the ſun in 224 days, 16 hours, 4 40 minutes at the 
rate of 69, ooo miles per hour. Spots haye been ſren on her 
surface; which indicate a daily rotation on her axis in 23 hours; 

but ſome gentlemen have given for her rotation 24 days, 8 hours. 
Inſtead of revolving from weſt to eaſt, as the earth does, i. e. 


nearly with a horizontal motion, ſhe nadie almoit north and 


ſouth, i. 2. with a motion within 7 degrees of perpendiculur. 
Tur EARTH moves in nearly a circle round the ſun (her 
eccentricity being only 17 parts in 1,000); her axis is inclined 


to the plane of her orbit, no leſs than 23 degrees; 30 minutes: 


ſhe is 7,950 miles in diameter. The Earth has one moon 
(which eirculatęs round her in 29 days, 12 hours; 44 minutes; 
turning in the ſame time on her own axis, and ſhewing ſpots: 


She 1 is 2,180. miles in diameter). The earth has a daily rotation 


on her axis in twenty-tour hours, travels 68,000 miles per hour, 

MARS. has an eccentricity of nearly one-tenth part of the 
Cd ater: of his orbit; his axis is not perceptibly inclined to 
the plane of his orbit: his diameter is 4, 500 miles; he has no 
moon, but a very large and denſe atmoſphere, which probably 
performs ſome of the offices of ſuch an attendant. His daily 
rotation on his axis is performed in 24 hours, 40 minutes, as is 
calculated by his ſpots: he circulates in 686 days, ag hours: 
trayelling 47,000 miles per hou. 

- JUPTTER's eccemricity is about, one-twenticth part the 
ſemi-diameter of his orbit (48 parts of 1000) ; his axis 1s nearly 
in the plane of his orbit; his diameter is 81,000 miles, being by 
much the largeſt of the Planets, and ten times the diameter of 
our carth. He circulates in 11 years, 314 days 12 hours, moving 
25,000 miles per hour. He has four moons ; 

Tne ir, diſtant from his body five ſemi-diameters and three- 
quarters ; .revolves in one day and three-quarters. 

The ſecond, nine ſemi-diameters; revolves in three days and 
rather more than half. 

The third, upwards of fourteen Conlon and a quar- 
ter; revolves in {even days, three hours, and three quarters, 

The fourth, twenty-five ſemi-diameters and a quarters re 
in ſixteen days and nearly three quarters. 

His ſpots are ſo conſiderable, and occupy ſo great a part of 
his ſurface, and lie in ſuch directions, that they are denominated 
his Belts: what they are, is not determined; their appearance 
often varies. His daily rotation is performed in ꝙ9 hours 56 
minutes. The figure of Jupiter i is not that of an exact 3 


. 
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is diameter, at bis equator, being longer than his diameter 


detween his poles, as 13 to 12, the difference is 6,230 miles. 

SATURN 's eccentricity is rather more than one-twentieth 
part the ſemi-diameter of his orbit (55 parts in _ his dia- 
meter is 67, ooo miles; which is 14, ooo leſs than Jupiter, he 
circulates in 29 years, 167 days, 5 hours, moving es miles oo 
hour. He has five moons, — - 

The ft, diſtant from bis body, nearly five ſemi-diameters 
of the planet; revolves in leſs than two days. 1 

The ſecond, diſtant ſix {emi-diameters and a quarter ; revolves 
in 2 days, 17 hours, 4. E121 

The 7h:rd, diſtant, eight Gund amerent 2nd three quarters ; 
revolves in four days and a half. | 

The fourth diſtant twenty e and a quarter i en 
volves in 15 days, 22 hours, 41 min. 13 ſec. 4. 

The ffih, diſtant fifty-nine mmm and . re; 
volves in 79 days, 7 hours 4. : 

Dr. HERScHEI L has diſcovered two more ſatellites to Sen ; 
revolving in the plane of the Ring, within the former firſt tel. 
lite; their periods are, of the 6th Satellite 1 day, 8 hours, 53 ming 
of the 7th Satellite, 22 hours, 37 min. 22 ſec. Diſtance of 4th 
from Saturn's center 3 min. 8 ſec. 918. Diſtance 6th Sat. 36 
min. 7889. Diſtance 7th Sat. 28 min. 6689. 

Beſide theſe ſeven moons, he lias a very wonderful Ring, which 
encompaſics his body at 20, 00 miles diſtance from it, and 18 
reſplendent. His daily rotation is not determinable, his diſtance 
rendering his ſpots very obſcure. His ring is thought to have a 
rotation, and to be 20,000 miles acroſs. In proportion to the 
planet, it is abopt twice and one-third his diameter; his ring 
revolves in about 10 hours, 32 min. | 

Ot the GxorxG1um S1DUs, the mean diſtance is nearly twenty 
times the diſtance of the earth: the inclination of his orbit 46. 26. 
The period in which he circulates round the ſun is 83 years 16 
days, his diameter is four times and one third that of the earth: 
his bulk eighty times and a half that of the earth: two fatellites 
have been diſcovered belonging to him; of the firſt the period is 
8 days, 17 hours, I min. 19 fec. Diſtance 33 min. of the ſecond 
the period is 13 days 11 hours, 5 min. 1 ſec.” Diſtance 44 win. 
23. His orbit is inclined to the eee 5 45 

Thus have we noticed the planets as they are related to the ſun, 
and ſeen from him; they have other peculiarities as Soo from 
the earth; but thole we propoſe to explain hereafter. : 

With what difficulty do we form any idea of —— exten 
tive as s thoſe of we planets! _ & OLE of a yard, = 
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of a mile, becauſe the meaſure is familiar to us. To thoſe who | 


have journeyed an hundred miles (or to any who have viſited In- 
dia) the diſtance is within comprehenſion ; but when: we ſpeak 


of a million of miles, of fifty, or an hundred millions of miles, 


who comprehends the computation ? We rather incline to ac. 
cept ĩt as an inſtance of the power of numbers, than as actual 
meaſurement of ſpace; and becauſe unaccuſtomed to a ſcale of 
ſuch magnitude, we are perplexed at the extenſion we can neither 
eomprehend nor deny. We pretty much reſemble an honeſt 
native of St. K II pA (an iſland in the. Atlantic Ocean, a little 
diſtant from Scotland, whoſe inhabitants are a few families in 
native fimplicity) ; this uninformed ruſtic had never quitted his 
rock, or ſeen other ſhores ; he had heard of Scotland, and only 
heard of it: when conveyed to the neareſt coaſt, what an im- 
menſe voyage had he not accompliſhed ! his ideas never con- 
ceived of ſo great a ſpace | When, on a gentle acclivity, he ſur. 
veyed the adjacent country, it exceeded now his belief, though 
he ſaw it with his eyes, as before it had exceeded his comprehen- 
fion : with what ſenſations would this fimple ſwain have beheld 
a globe, could we ſuppoſe him to underſtand it, or what effect 
would the relation of a voyage to China have had on his mind! 
But ſurely the dimenſions of the globe were not leſſened, becauſe 
his ideas were contracted ; and what ſhould we think of his incre- 
dulity that ſuch or ſuch places exiſted? It was remarked of him, 
that he could not underſtand the mechaniſm of a coach-wheel ; 
yet we know that coach-wheels revolve ; and fo will the planets 
continue their courſes, whatever ſentiments they excite in our 
minds. | 1 | 15 

What power impels them round the ſun? They follow now 
the impulſe and the laws of that motion firſt impreſſed on them, 
when their Almighty Maker ſpake, and it was completed, 


commanded, and it was done. Their courſes were appointed by. 
Infinite Wiſdom, directed by unerring ſkill, accompliſhed by 
ſupreme energy. That Power only which could create them was 


competent to conduct them, and by that Power they revolve, 
But though we refer to Divine Omnipotence the ability to com- 
municate, and to continue, the motions of theſe iinmenſe globes, 


yet, by compariſon of great things with ſmall, we acquire ſome 


inſight into the laws and regulations, whereby they are now go- 
verned. The moſt familiar inſtance I recollect, as explaining 


the nature of planetary motion, is this: we have often whirled 


around our. finger a ſmall weight at the end of a ſtring ; had we 
ſuddenly quitted the ſtring, the weight would have quitted its 
circular motion, and would have fled from us in a ftraight ditec- 
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non, prompted by its natural inclination; which inclination 
contributed to its motion while held, and that motion, by our hold 
of the ſtring was rendered circular ; (i. e. around the hand), 
In this inſtance the hand repreſents the ſun, and the ſtring re- 
preſents the ſolar attraction. Were the planets deſirous of eſ- 
caping from their places, they are withheld by this attraction, 
whoſe conſtant power, acting in every point of their courſe, 
affords no moment of opportunity wherein to elude its vigilance. 
This attractive force neither diminiſhes nor increaſes, but con- 
tinues as at firſt appointed, accurately counterbalanced by the 
interval of proportionate diſtance, and the impulſe of regulated 
Kt | whoſe rapidity augments, when attraction is moſt 
E power which appointed the orbits, directed the courſes 
of the planets, and confined them nearly parallel: it might 
have been otherwiſe ; ſome might have moved: horizontally, 
others perpendicularly (comets thus vary) ; but Wiſdom has 
decreed, - and the planets obey. "Thoſe among mankind who 
{corn confinement and reſtriction, who think ever to be uncon- 
trolled, and to follow without obſtacle the wild impulſes of their 
own hearts, would they but reflect on the confuſion fuch prin- 
ciples (rather want of principles) would occaſion in the very 
ſyſtem of the world, they might ſurely diſcover that” reſtraint 
accompanies every exiſting creature, and that order is as'necef= 
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ſary as being. From this univerſal law how ſhould man be free, 
s whoſe importance juſtifies attention, whoſe propenſities require 
r regulation? Let us ever defire to fulfil aright our deſtined courſes, 
and if, in the courſes of our friends, we obſerve any eccentri- 
7 cities, let us hope a little time will reſtore them to their juſt ſi- 
» WW tuations. | | | ae Jo APA IEEE 
) Having noticed the planets, I ſhall offer a remark on the 
. nature of Cours, of which we have many belonging to our 
7 ſyſtem, (perhaps a hundred), and obſervation is frequently diſ- 
$ covering additions to the catalogue. Theſe revolving bodies were 
. once thought to prognoſticate direful events, bloodſhed, war, 
devaſtation, and (worſe than eclipſes !) were regarded as omi- 
A nous forerunners of final diſſolution. Better informed ſcience 
e conſiders theſe tremendous ſtrangers as revolving round the ſun, 
- in orbits no leſs regular and periodical than thoſe of the planets 
g principally differing, in that the planetary diſtances are conſtant, 
d and their courſes circular, while cometary orbits are ſo exceed- 
e ingly elliptical, that ſome of them advance to the ſun in a line 
8 nearly. ſtrait, and return in a line not ſenſibly different. More- 


ver, the extremes of this line vre extremes indeed; when near- 


— 


8 


- 


182 PROPERTIES OF 


eſt the fountain of light, -almoſt ſtriking that reſplendent orb; 
when furtheſt from it, diſtant immenſely beyond the ſtation of 
any known planet. There are great differences in the orbits of 
comets ; ſome ſtretching prodigiouſly into ſpace, and exceeding 
five hundred years in one revolution; others advancing toward 
the ſun a little beyond the orbit of Mercury, and completing a 
period in ſeventy-five years; ſome revolving in one plane, others 
in a contrary; ſome flying on the right-hand, others on the left; 
ſome above, ſome below. Notwithſtanding the number certainly 
known, very probably many have never been noticed, their po- 
ſition in their progreſs having concealed their diſtinguiſhing cha- 
racter, the train of tail, which, while they advance, kindles 
and increaſes by degrees; while they return, by degrees decays 
and ceaſes, Add to this, that ſuch as have paſſed us in thoſe 
parts of the heavens which were above our horizon in the day- 
time, were rendered inviſible, like the ſtars, by the ſuperior 
brightneſs of the ſun. Alſo, being of different - magnitudes, 
perhaps we ſcarce diſcern the ſmaller; or, if we diſcern, we 
do not diſtinguiſh them. f e 
What ſhall we ſuggeſt as the uſe of Comets? Do they viſit 
the ſun, and import fire and heat to remoter parts of the ſyſtem ? 
Are they connecting links between ſyſtem and ſyſtem ?' Have 
other ſyſtems their comets occaſionally viſible by their near ap- 
roach (perhaps miſtaken ſometimes for new ſtars), as ours per- 
haps approach others? This ſeems likely :—that by their acceſs 
to the ſun they are violently heated, by their ultimate diſtance 
they ſuffer extreme cold. OE 
| "Sir Is: „Ac NEwTON thought comets might ſupply moiſture 
to the planets, from time to time, by the vapour of their tails; 
and from time to time, by falling into the ſun, might contribute 
_ freſh matter to repair the waſte of that fountain of light.—O for 
the ultimatum of human enquiry ; for the bounds of human cu- 
rioſity! e RE! 
Are the planets inhabited? I ſcruple not to affirm it. Are 
the comets? We cannot tell; but as they ſeem ſubject to ex- 
tremes, now glowing with ſolar fire, now frozen with the ener- 
gy of cold, perhaps they are not fitted for dwellings : accept it ſo; 
and then reflect, if you pleaſe, that we have comets on earth; 
we ſee them from time to time among mankind ; how they now 
blaze! what brilliancy, what ſplendour ! what commotions do 
they not excite | what remarks do they not occaſion Wait a 
little :—their ſplendour weakens, their pomp declines, their 
diſtinction ceaſes, they are viſible no more: inferior in this reſa 
pect to celeſtial comets, which ſhall again return, theſe, When 
extinguiſhed, become ** ſtars of perpetual darkneſs! 


While 
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While the more ordinary and regular, the conſtant, and ſtati- 
ary planet, affords habitation and ſupport to millions of crea- 
nes; while it receives the bleſſings ot millions of inhabitants, 
dy whom it is cultivated and adorned ; while it enjoys the grate- 
ful viciſſitude of day and night, an equal temperament, and a 
lating ſhare of celeſtial influences, it may well view without 
envy the cometary perihelion, and rather pity than regret come 
tary diſtinction: —is this in no reſpect analogous to incidents of 
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Or THe PLANETS as Ste FROM THE EARTH. 


THE magnificent objects we conſidered in our laſt diſcourſe, 
are ſo remote from the earth we inhabit, that it ſeems natural to 
inquire of“ what advantage are they to us? and how do they 
appear, when ſeen from our reſidence?“ But previous to anſwer- 
ing theſe queſtions, our attention muſt be directed to a few ob- 
frvations. ft en n 1 e 

Was ] to aſk any foreigner where he lived? and he ſhould 


ſurther, in what part of it? But if he replies, in ſuch a city; I 
am enabled to find it, on a globe, or a map, by inquiring its 
latitude and longitude ; 7. e. by aſcertaining its relative ſituation 
o certain points from whence I begin my calculation. Europe 
is large, but by being divided into ſmaller ſpaces, we readily 


ind any one ſpace, and by its ſmallneſs are enabled to infpect 


it accurately. Juſt ſo are the heavens; too extenſive to ſuggeſt 
any determinate idea from a vague expreſſion, and, therefore, 
t has been found neceſſary to regulate, and divide their extent. 
The wandering planets atforded no rule for this, and the ſun, 
though fixed and at reſt, contributed little towards it, becauſe he 
ſeemed in motion. Recourie was had to thoſe infinitely more 
vtant ſtars whoſe permanent ſtations afforded fixed points for 
determination; and theſe accompliſhed the purpoſe, becauſe, 
the eye, unable to judge accurately of their diſtances, conſidered 
all the celeſtial bodies as equally remote, | Ales 
The firſt application of ſuch principles, ſeems naturally to be to 
aſcertain the apparent path of the ſun, in the heavens; according 
therefore as that luminary /emed to proceed gradually from place 
»vlace, and theſe places were referred to ſuch and ſuch _ 
| tho 


zuman life? If it is, the planetary orbit be the ſtation for me! 


raguely anſwer, in Europe; I ſhould find it neceſſary to inquire 
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thoſe ſtars became of more conſequence, and were more accu- 


rately attended to, than others. LG 2 8 
Whether the earth goes round the ſun, or the fun goes round 
the earth (as he ſeems to do) the ſpectator will behold the ſun 
proceeding in the fame orbit in the heavens. Now in order to 
determine at any certain time, at which point in his annual or- 
bit was the ſun's ſtation, it became neceſſary to divide this orbit 


into parts; accordingly, it has been divided into ?welve parts 


n number to the months of the year); and the 


rs which lay near to the ſolar path, by the fertile imagina- 


tions of the beholders being likened to certain forms, were taken 
to repreſent ſuch forms, in twelve diviſions, and relative names 
were appointed to ec. 2 

' The path of the ſun was called the EcLieTtc.; and is not 


always of apparent equal height in the heavens, becauſe, as we 


have obſer ved, the axis of the earth being inclined to the plane 
of its orbit (i. e. to the apparent parh of the ſun round the 
earth, or the real path of the earth round the ſun), the ſun ſeems 
at one time to be heightened above his juſt ſtation, at another 
mint to be depreſſed he.] ⅛ů t. | 


* 


Mankind were originally huſbandmen;- or ſhepherds, and 


ideas drawn from theſe occupations were ever uppermoſt in their 
minds, and willing to renew and maintain them, they tranſ- 


planted their cattle even into the heavens. Or, having obſerved: | 
that at the time of the ſun's being in ſuch a diviſion of the eclip- | 


tic, their cattle were moſt prolific, they gave the names of ſuch 
as then produced young, to that conſtellation in which the ſun 
then was. But ſome perſons have ſuggeſted, that the ſigns and 
conſtellations of heaven are commemorative of hiſtorical import- 
ant events: a principle not to be diſregarded. 


— 950 


Wie muſt now, imagine ourſelves tranſported to a climate, | 
where the natural events of -huſbandry would agree with the 


order of the ſigns in the Ecliptic, as in thisclimate they will mot 


juftify the ſignifications attributed to them. | | 
The conſtellations reckoned to tlie SPrING ſeafon, are, the 
Ram, the Bull, the I wins (properly the two kids). The ram 
alludes to the time of increaſe among the flock, and the bull to 
the fertility of the herd; if we further ſuppoſe that the twins 
related to the goats, and not (as now delineated) to the human 
kind, we have the three chief objects of the ſhepherd's care, in 
the figns of the ſpring- ſeaſon in the months of March, april 
and May. The dUMMER conſtellations the Crab, the Lion, 
the Virgin (June, July, Auguſt), have been thus accounted tor; 

the Crab, being an animal which walks backward, is — an 
; | a 


It 
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ted by the ardent beams of the ſun, and its natural fever in- 
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accept them now, as they are. 
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have ſignified the retrograde courſe of the ſun, which from Mid- 
jJummer 15 regularly declining from the higheſt reach of its path 
in the ecliptic, The fign of the lion ſeems to imply, either, 
that now this ſavage animal was unuſually ferocious (being hea- 


creaſed), or, that the hots of the ſeaſon, too nearly reſembling! 
the lion by theit fierceneſs, were no leſs deſtructive. The vir- 
gin, is certainly a reaper, holding three ears of corn. The Au- 
TUMNAL ſigns are, the Balance, expreſſing the equality of days 
and nights in September. The Scorpion, having a yenomaus 
miſchievous ſting, has been thought to ſignify, that where theie 
nens were firſt adopted, the ſun left behind hun diſeaſes and mor- 
tality in October: the Archer, or Huntſman, aptly expreſſes the 
exerciſe of the chace, in November, after vintage and harveſt 
arc over. The wild Goat, the firſt of the widr ER fizns (De- 
cember), has been ſuppoſed to hint the re- aſcent of the ſun in 
the ecliptic, becauſe that animal is perpetually clic uibing and aſ- 
cending the ſteepeſt rocks. Impetuous Floods mark January; 


and the pair of Fiſh, ſeems well adapted to the ſeaſon when thote 


creatures were obje-ts of parſuit, in February. | 

The extent of theie ſigus in the heavens, is ten degrees above 
and below the ecliptic : ſo that they inc:ude a belt of twenty de- 
frees broad, which, from theſe ideal figures of animals, is cal- 
led (the Animal-belt) in Greek the Zop1iac. The figns ofthe Bo- 
diac are veiy ancient, fo ancient that I ſuſpect them to be chan- 
ged from their original ideas during a lapſe of time; however we 
The country where they were 
firſt adopted is uncertain, ſome authors contending for Egypt, 
others more plauſibly, for India. | 

Thus, did human induſtry and contrivance, diſtinguiſh the 
{apparent} path of the ſun, from the general expanſe of the heavens : 
the paths of the planets accompanying this courſe, the fixing of 
one readily, determined the others. 

Wie ſhall now, beſtow a few thoug 
as {cen from the earth. 
magnitude of the SUN; but, when ſurveyed from the diftance to 
which the carth is appointed, he ſeems too {mall to excite the idea 
of ſo vaſt a bulk : the mean apparent diameter, of the ſun being 
thirty-tvo minutes. 
in common with the other planets, having her per/he/:on, and 
her aphelion, her nearneſs to the ſun in the former, increaſes his 
apparent magnitude to thirty-two minutes, thirty-ſeven ſeconds, 
us her greater diſtance in the latter, diminiſhes it to thirty-one 
minutes, thirty-two ſeconds, 
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hts on each of the planets, 


— Contrary 


Ve have formerly noticed the immenſe 


I fay his mean diameter, becauſe the earth 
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| Contrary to what might be ſuppoſed, by curſory imagination 


in our part of the world, the perihelion of the earth is in Decem- 


ber, ſo that we are really neareſt to the ſun in winter. Our ſea- 


ſons therefore do not depend on this circumſtance, but- are 


more nearly related to what we {hall next obſerve, vz. that the 


courſe of the ſun in the heavens, is ſometimes long continued; | 


and very highly elevated above the horizon, ſometimes but lit- 


tle diſtant from it. In mentioning the earth, among the planets | 
we ſaid, her axis was inclined to the plane of her orbit twenty. 
three degrees and a half: it follows, that in the courſe of her an- 
nual revolution twenty-three degrees and a half of her ſurface # 
toward each pole of her axis, 1s turned more directly to the ſun | 
at one time than at another: and by ſo much as ſhe turns more 
of any part of her ſurface to the ſun, by ſo much longer is 
that part expoied to the ſolar beams during her daily rotation. So 


that inſtead of having at London twelve hours day, and twelye 


hours night (as, if the earth was perpendicular to the plane of | 


her orbit, we ſhould always have), we have ſometim:s barely 


fix, ſometimes more than fixteen: as at the pole, they have 


ſometimes no day during two months (in winter), no night du- 


ing two months (in ſummer). 
We thal! now remark a particular appearance of the moo; | 
as ſeen trom the earth: which is, that about the end of July, 


to the beginning of September, the moon, when jult paſt the 
full, rites ſeveral nights together ſoon after the ſun ſets ; ſo that 
twilight is icarce begun, ere the moon appears, and prolongs 


_ the light, to the great benefit oi thoſe who have harveſt-work to | 
do, and ſhe is therefore called the HARVEST- MOON. This depends 


on the courſe of the non, which is ſometimes more directly 


downwards, ſometimes more obliguE ly: the oblique courſe car- 


Ties her but little below the horizon daily, fo that the follow- 
ing day in the evening the riſes ſo much nearer to her ſtation on 
the evening before. This is one effect of that beneficial irregu- 
larity which we formerly noticed. | | 

| Beſide theſe appearances, we obſerve in both the heavenly lu- 
minaries, when near the horizon, a variation in form from 
their true ſhape, and alſo enlarged dimenſions : this is moſt 
remarkable with regard to the moon. | 
It can icarcely have eſcaped notice, that the moon ſeems much 
larger when ſeen in this ſituation, than when high in the hea- 
vens; the cauſe has been much debated. Certainly, the cauſe 
is near ourſelves ; but whether ariſing from the vapours of our 
horizon, or from a compariſon with other objects to which ſhe 


the 
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the eye, philoſophers are not ſatisfied, For my on part I 
think the terreſtrial vapours contribute the greateſt ſhare to this 
peculiarity; and it {hould ſeem to be moſt ſenſible, when the 
atmoſphere is moſt loaded with tranſparent vapours : but this 
is agreed, that, when meaſured by the teleſcope, no variation 
of diameter can be diſcovered. | 73 

The mean apparent diameter of the moon is thirty-one mi- 
nutes, ſixteen ſeconds ; her {malleſt diameter is thirty-one mi- 
nutes, three ſeconds; her largeſt, thirty-one minutes, thirty— 
eight ſeconds. 18 221111 

We u ill next conſider the aſpects of the planets, We are 
not now {ſurveying the planets from the ſun, but from the earth 
and theretore, may adopt whatever notions of the inhabitants of 
earth are not contradictory to nature and to fact. We denomi- 
nate thoſe planets nearer to the ſun than ourſelves, inferior, and 
thote further from the ſun than ourſelves, ſuperior. The infe- 
rior planets conſequently, are Mercury, and Venus. "Theſe 
have ſo many appearances in common, that when we have 
attained a diſtinct idea of either, we have little to add concern- 
ing the other, | | | 

(1.) The courſe of their motions being ꝛwithin the courſe of 
our motion with regard to the ſun, it will naturally happen that 
they ſometimes are exactly between the ſun and the earth, ſo 
that looking to the ſun we ſhould (ſuppoling their light ſtrong 
enough) ſee the planets alſo; and this muſt needs be their near- 
eſt approach to the earth, or Peri-Geo, and not only may the 
planets be chus in conjundtion with the ſun, but if the conjuncti- 
on be abtolutely perfect, a line drawn from the ſun to the earth, 
wilt paſs through the body of the planet; hereby the planet in- 
tercepts ſo many of the ſolar rays, as are proportionate to its 
magnitude, and eclipſes, to a certain degree, the fun from us. 
This paſſage of a planet over the face of the ſun, is called a 
Zranſit, and can only happen to inferior planets. Thus, Ve- 
nus may ſee a tranſit of Mercury; the earth of Venus and Mer- 
cury; Mars of the earth alſo, and ſo on. But Mercury never 
ſees a tranſit of Venus, becaule the path of that planet never lies 
within bis orbit. Tranſits are very rare. | 

(2.) We have ſuppoſed the planet to be between the earth 
and the ſun (this is called an inferior conjunction); but this 
ſame planet, in purſuing its courſe, muſt ſometimes be beyond 
the ſun from us; (this. is a ſuperior conjunttion), infomuch 
that the ſun may pals over the face of the planet, as before the 
planet palled over the face of the fun. When a planet is thus 
lituated,; the effulgence of the ſun's rays prevents its being viſi- 
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ble. There are therefore two periolle at which the inferior pla- 
niets are inviſible, 7. e. the cnñfundtiuns, when the funs Tays are 
coincident with the planet, and too power ful for it. Add to 
this, that in the 1, ferior conjunction, the dark part of the pla- 
net is turned toward us. Theſe planets, then, pretty nearly re- 
ſemble our Moon in her courſe, being new (or dark), horned, 

half icht, full, and ſo on, in each revolution g 

Tf the earth was not a planet, but fixed, theſe conan et 
would happen in every revolution of theſe planets round the ſun; 
but as the earth circulates round the ſun as well as theſe planets, 
conjun*tions can only happen when two Planets are in the late 
part of the heavens, ſeen from the ſun. 0 

But though the earth be a revolving Sager,” we man ſup- 
poſe her to be at reſt, while we attend to one revolution of 
the planet Venus. Now that planet in her courſe firſt paſſes on 
pretty brift:Iy, according to the order of the figns ; but thortly, 
her pace flackens, ſhe ſtands till, then ſhe returns back in her 
courſe,” till again ſhe ſeems motionleſs, from which recovering, 
ſhe reſumes her original progrefs, and again advances in the or- 
der of the ſigns. 1 his is he neceſſary effect of her circular 
courſe. 

Lo render theſe appearances clear, take a ſmall wheel, which lay 
flat on a table; then erecting a wire on any part of the circle (or 
periphery) of the wheel, put on the top of the wire a ſmall object 


for convenience of ſecing it; now place a candle on one fide of | 


the wheel : and trace, the ſhadow of the ball on the wain- 

ſcot, turning the wheel round. The ſhadow moves firit to 
the left, then it returns to the right, at each revolution of the 
wheel; and at each extreme it jeems to move with diminiſhed 
velocity. 

The inferior planets can never be very much clongated from 
the ſun, but their greateſt diſtance from him will always be pro- 
portionate to the confined dimenſions of their orbits: thus 
Mercury, whole orbit is ſmall, is ſo conſtantly a neighbour to 

the fir, that he was long unnoticed by the early aſtronomers. 
He is only diſcernable for a little while after ſun-ſet, and a little 
while before ſun-riſe, and always in that quarter of the heavens 


where the ſun is, infomuch, that din ing a great part of his courſe, 
he is obſcured by the ſolar beams. On the fame principle Venus, 


though ſeen later in the evening than Mercury (her orbit being 
ER ger), yet always ſets before midn ght. 

[t fuch peculiarities in the courſes of theſe planets do not prove 
that they revolve round the ſun, yet I think we may dety the 
acuteſt maintainer of that ſyſtem which ſuppoſes them torevoh 5 

roun 
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round the earth, to account for them fairly; nor is ĩt poffible on that 
ſcheme, to account for the diflerent apparent magnitudes of theſe 
planets, in perigeo and apageo. Venus when neareſt to the earth 
meatures ſeventeen parts in diameter, of which when furtheſt 
from the earth ſhe is only three. Mercury is in Perisek to his 
diameter in apogee, as touiteen to ſix. 

Thoſe planets, whoſe orbits are without ours, are termed Su- 


perior Planets :. In common with the foregoing, theſe have the 


appearances gf being progreflive, then ſtationary, then retrograde 
and ſtationary again. I hey are alſo in ſome parts of their ot bits 
nearer to the earth, in others more remote, They can never tran- 
ſit the ſun's face. A conjunction of a planet is, when the ſun, 
that planet and the earth are in one line: but, as in this caſe, to 
trace the progreſs of ſuch a line, we muſt, to view the planet, 
turn our backs on the ſun, this ſituation of thels bodies is termed 
Oppoſitica z the proper conjunction of a ſuperior planet, being 
caly when it. is behind the ſun, from us. 

We ſuppoſed, that while an inferior planet went round the ſun 
the earth continued ſtill; let us now change the ſuppoſition, and 
imagine that while the earth revolves round the tun, a ſuperior 
planet (Mars, as being neareſt) remains fixed. Ihe effect would 
be, that when the carth is fartheſt diſtant irom the planet, the 
planet would ſeem direct in motion (2, e. according to the order 
of the ſigns); as the earth advanced in the n of her courſe, as 
we may be allowed to call it, the planet would ſeem ſtationary, 
and when the earth was in her neareſt {emi-circle, the planet 
would ſeem retrograde. But we muſt remember, that as neither 
of theſe bodies do in fact ſtand ills. their appearances are propor- 
tionately varied in nature. 

The ſmaller the bit of a planet, the ſooner it accompliſhes a 
revolution: Venus, who finiſhes her courſe in ſeven months, 
while the earth takes twelve, will be advanced five months in 


another courſe, by the time the earth has concluded her old one, 


as the earth will complete a whole revolution, and almoſt a ſe- 
cond, while Mars is fulfilling his orbit. The difference of the 
apparent velocities of two pjanets, is uſually calculated, by ſup- 
poling a ſpectator in the ſun, to obſerve their revolutions, and 
to eſtimate the daily difference of their motions. The daily mean 
motion of the earth, would appear to ſuch a ſpectator to be ſifty- 
nine minutes, eight ſeconds ; the daily mean motion of Venus, 
one degree, thirty- ſix minutes, eight ſeconds; ; the difference 
thirty-ſeven minutes: now, therefore, as thirty-leven minutes 


is to the whole circle of three hundred and ſixty degrees, {o 15 one 


day to the whole courſe of V enus, till ſhe retuie;s into the ſame 
rclative 
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relative fituation to the earth (conjunction if you will), Which 
requires above five- hundred eighty-three days. The daily mean 
mot ion of Mars is thirty-one minutes, twenty ſeven ſeconds; 
and the earth takes to recover any given ſituation with reſpect to 
Mars, two years and fifty days. The mean motion of Jupiter 
is four minutes, fifty- nine ſeconds daily: the interval (of a con- 
junction, &c.) is one year, thirty-three days. The mean mo- 
tion of Saturn, is two minutes daily: the interval, one year, 
thirteen days. The motion of the Georgian planet is ſo flow: 
that his places are calculated only for one day in a fortnight, du- 
ring which he ſcarcely ſeems to change place at all. We obſerve 
of the interior planets, that they ſhew to the earth the ſame chan- 
ges in their light as our moon does; the ſuperior planets never 
thew ſuch changes, but conſtantly ſhine full, except Mars, who 
is much darkened when in quadrature. | | ; 

- Mercusr is to fmall, fo diſtant, and ſo near the ſun, that 
little can be added to what has been already hinted. en 

Venus we can fee longer than we can ſee MERCURY. She is 

fometimes viſible only in an evening, and is then called the Even- 
ing Star, or HES FER US; ſometimes only in a morning, and is 
then called the Morning Star, LUciFER, or PHOSPHORUS : 1. e. 
before her inferior conjunction with the ſun, the ſets after him; 
after her conjunction, ſhe riſes Here him, and increaſes the 
time of her appearance above the horizon, according to her diſ- 
tance from the fun. Ihe ſplendour of this planet is fo lively, 
that at certain periods of her revolution ſhe is viſible even in the 
_ day-time : and her light is often brighter than an equal ſpace of 

light on the ſurface of the moon. | | 
Of Maxs I {hall not add to what I have already obſerved. 
JurrrTeR is of ſo great magnitude and brightneſs, and on ac- 
count of his ſyſtem fo important, that he mult not be paſſed over 
in ſilence. It is a very pleaſing ſight through a teleſcope, to ob- 
ſerve this planet with all his moons about him like a parent whoſe 
children are conſtantly employed in his ſervice. I heſe moons, 
like our own, are eclipſed by paſſing through the ſhadow of their 
primary; as at other times, the primary receives a ſhadow from 
them. Theſe eclipſes have been propoſed as the readieſt way of 
determining the longitude, and to them we are indebted for the 
firſt proof of the travelling of light. WOT 

The ſyſtem of SATURN, is a wonderful contrivance: what we 

know ot him (and his diſtance precludes the expectation of a per- 
tet knowledge) excites our admiration, As ſeen from the earth 
his moons are extremely ſmall, and only to be diſcerned by the 
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beſt glaſſes, and in a favourable ſtate of the air. The appearance 


of his ring is conſtamly varying, as it is more or leſs oblique to 


our view, and to the ſolar rays; which ſometimes illuminate the 
upper, ſometimes the under ſurtace of it, but which, when they 


ſtrike againſt its edge, are not reflected with ſufficient ſtrength to 


tranſmit light throughout an interval ſo prodigious. 

Alter ſurveying ſuch an auguſt combination of wonderſul ſtruo⸗ 
tures: after having traced the principles of their revolutions, and 
ſomewhat inſpected their appearances; it would bealmoſterimi— 


nal in us to deny our improvement, as well in morals, as in” 


knowledge; for ſurely, the variety, the order, the beauty, the 


conſtancy, the utility of theſe planetary globes, cannot be re- 


garded without conſiderable emotion of mind. 


We are taught by the higheſt authority, to regard all mankind 


as brethren; all mankind on the face of the earth : 1 may juſtly 
extend the precept, and regard as brethren all who tread the 


ſurface of our neighbour worlds. Need I ſcruple to conſider 


theſe worlds as ſo many refidences of intelligent beings ? I think 
not : how nearly they may be allied to ourſelves in nature, we 


mult ever continue ignorant: yet, in ſome reſpects, the ſimili- 


tude is undeniable. (I.) By the revolutions of each globe on 


its axis, they, like ourſelves, poſſeſs the viciſſitude of day and 


night; for what imaginable reaſon, but to diſtinguiſh the peri- 
ods of labour and repoſe ? Like ourlelves they need refreſn- 


ment; and to them, as to us, the lu tre of day, and the tran- 


quillity of night is grateful. (2.) Providence has kindly furniſhed 
them with numerous ſubſtitutes for the ſun, that their night 
may never know the melancholy of total darkneſs, and may 
often be enlightened by ſeveral attendant ſatellites at once: does 
this imply, that ſome ceaſe not their ſtudious contemplations, 
but as well by night as by day, prolong their reſearches into 
knowledge and ſcience? Or, is this favouring diſtinction di- 
verted by avarice to ſerve its fordid purpoſes? to whoſe ardent. 
Be of wealth the day is too ſhort, and whoſe graſp includes 

the additional hours of night. It is probable, I fay, they have 
among them buly ſpirits to whom the day is inſufficient, ho 
add ſtore to ſtore, whether of wealth or knowlede, whether of 


fame or of power, When acquired, do they retain it? Per- 


haps, like us—they die. "This I think certain: attendant ſatel- 


lites are uſeleſs to a barren planet. (3.) They alſo have a va- 


riety of ſeaſons; in Venus very conſiderable ; in Jupiter, ſcarce 
ſenſible as to length of day and night, but probably very differ- 
ent as to rain, &c. (4.) They have alſo ſea and land; for thus 
we acccount ſor their ſpots; the * ſpots are mountains, 
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| the dark ipots waters; and much as our Atlantic Ocean, with 


a lacge iland in it, might appear to them, are ſome of their 
r Ä i TEE 

Shall we trace a kind of connection (an imaginary kind of 
connection I allows) which -circolates around us: two perſons 
who dwell in the ſame ſtreet, though perhaps they are not inti- 
mates F< they meet at the further end of the town, they ack— 


nowledge each other. as neighbours : two townſmen, at an ex. 


tremity. of a kingdom, conſider each other as fellow-citizens, 
In ſome foreign European ſtate, two Engliſhmen are ſocial, as 
compatriots; to Europeans in China, diſtinction of nation ceaſes, 
So might we imagine inhabitants of this globe (chooſe what ex- 
tremes you will), removed to Jupiter or to Saturn, they would 


probably loſe the idea of their original diſtance, and claim kin- 


dred as fellow-globeſmen. Fancy may carry the idea yet fur- 
ther, and ſuppoſe in ſome remote fixed ſtar, a meeting of natives 
of the earth, of Jupiter, of Saturn, would they not aſſociate by 
planctary connection, and urge as a reaſon, —why, he belongs 


to ur ſyſtem? How extenſive in the human heart is the prin- 


ciple of ſelf ! our fyſtem ! * | 

The various provifions made by our common Author for the 
well-being of his various works, thould excite not only our 
eſteem, but alſo our dependance and truſt. Infinite Wiſdom 


neither with-holds, nor waſtes its efforts. To a planet fo near 


the ſun as Mercury, its portion of ſolar light is abundantly ade- 


guate to every want of its inhabitants, inſomuch, that probably 


that abundance is moderated. Mercary therefore requires no 
moon, it would be ſuperfluous ; but let the inhabitants of earth 
accept with thankfulneſs the fervices of that lucid orb which 
waits on them, which diffipates the obſcurity of night, and 
« ſhadowy ſets off the face of things.“ Planets more diſtant 
from the folar fire, enjoy yet greater attention; four moons, 
inſtead of one: or if four be mſuffcient, behold ſeven, together 
with a vaſt ring of light; an atmoſphere of Tuftre ! : 

W hen I have heard the diſpenſations of Providence arraigned, 
how have 1 withed that tuch perſons had reflected on the conſti- 
tution of things! What! vain man, wouldſt thou difplace the 
appointinents of Omniſcience; or, art thou difcontented with 
his diſpoſal of thee 2 Then let thy fagacity control the ordinan- 
ces of Heaven, deprive Jupiter of his ſatellites, and beſtow them 
on Venus; diveſt Saturn of his appendage, and orttament Mer- 
cury with his belt. Do you fret and fume that other planets 
zbound in lunar attendants, while we have but one! We have 
but one moon, it is true, but by how. much are we N 44 

by Ft ws | EOF „ whw+ S: toi wes fun! 
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fun? The uſual cauſe of diſcontent, is inattention to both ſides 
of our condition; did we ſez rightly our own advantages, and 
were we acquainted with the draw-backs. on our neighbour's 
apparent happineſs, envy and diſcontent would neatly vaniſh 


from among us. 


the ſun, whoſe ind 
kind of ſupport to the practic | | 
it was introduced at firſt, in the form of ſimple ſalutation. 


The moon ſeems next to have engaged the ſuperſtition of 


mankind, very naturally. 


x » - 


Without offering the leaſt vindication of the abſurd impieties 
of former ages, let us reflect on the probable courſe of their er- 
ror, with regard to the planets. Idolatry ſeems to have origina- 


ted in the Eaſt, where alſo Aſtronomy originated; the vicifſi- 


tudes in the aſpect of heaven was there quickly noticed, through : 
an air ſerene, clear and tranſparent. Add do this, that the ardent _ 
heats of day were almoſt inſupportable, and evening and night 
were times of enjoyment, To thoſe therefore who anticipated 
the cloſe of the ſultry hours, who hoped for free reſpiration in 


the cool of the evening, nothing could be a greater pleaſure than 
the riſe of that ſtar which indicated its approach ; nothing coul 


afford more general gratulation: - moreover, as the inhabitants 


of theſe countries ſlept in the open air, on the houſe-tops, &. 
they ſoon contracted an acquaintance with the ſtars, gave them 
names, perhaps had their favourites, admired their brightneſs, 
obſerved when ſuch a ſtar appeared, that flowers or fruits accom» 


panied it, then fancied its influences, and glided into. -idolatry. 


For let us not ſuppoſe that the human mind could ſuddenly fall 


into ſo ſhocking an-abſurdity : vice muſt enter by degrees, put 
on firſt fair appearances, aſſume a pleaſing guiſe, become an angel 


of light; then, gradually, ſtep by ſtep, gently, without alarm, 
without a J. — 5k into its — 105 W N but, when by 
habit, it has gained familiarity, and force by cuſtom 3 who 
ſhall limit its exceſſes? Let us therefore remember, that even 
idolatry had at firſt much to recommend it, and the commence=- 
ment of that evil was not apparently connected with the cloſe. 

| could. heartily wiſh there exiſted among us no remains of 


ſuch ideal influences of the ſtars ; we ſhould then no longer be - 


prſtered with predictors and fortune-tellers, and every con juror 
might be tranf{ 
Indeed of the 


It is curious to trace the progreſs of idolatry ; of which Za- 
biiſm, or the worſhip of the Hoſt ,of Heaven, is certainly moſt © 
ancient, We have aiready noticed its prevalence with regard to 
influences ſeem to have given ſome 


ice, eſpecially if, as we may ſuppoſe, 


r as he deſerved. The natural influences 
un, I allow; = are many, and powerful; 


n 
— 


— — — 


3 he 
. 


Ve know not), engage their qualities in the ſervices of their own 


that he was indebted for it to the ſtars; ſo the fool ſhall ſuffer for 
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thoſe ot the moon are conſiderable, and undeniable. : Thoſe 
of the planets are by far too trival on the whole globe, to have 
any effect on the fate of individuals, to rule particular parts of 
the body, or to dominate over ſuch, or ſuch, regions of the human 

. 85 3 

Indeed we ſometimes hear a ſimpleton conſole himſelt under 
a miſchief, that „it was his ill ſtars, how could he help it? ” 
But we have ſeen that thoſe of the ſtars, whoſe power may be 
ſuppoſed ſtrongeſt, (which whether hot, or cold, moiſt, or dry, 


ER. +... 5 . 

Without dependence on the ſtars, or fear of their malignity, 
let us employ our talents as rational and immortal beings, who 
are to be applauded or condemned by their own, behaviour; let 
us remember, that as he who is found ultimately a wiſe man, 
will not be deprived of the reward of his wiſdom, under the plea, 


his folly, nor will it be deemed his juſtification, that be/thought 
his fate inevitable! his ill-luck ! his ill-ſtars! Let him lament 
his inattention, not the aſpects of the Heavens; his ignorance, 
and inconſiderateneſs, his levity, and abſence of mind; theſe | 
are his real, but not unavoidable, diſaſters. 1 Rs 
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Or Taz FIXED STARS. N 


IN a former diſcourſe, we obſerved the very great diſtance of m 
thoſe heavenly bodies which yet we called our neighbours, and th 


who, with ourſelves, compoſe one ſyſtem; Saturn it diſtant, the ra 
Georgium Sidus diſtant, the remoter extremes of the cometary pe 
orbits very diſtant ;—but what are theſe diſtances to thoſe of the Le 
ſtars whoſe ſplendour we behold ! whoſe neareſt eſtimation is ce! 
four hundred thouſand times the diſtance of the ſun from us; so 
this, I ſay, is the eſtimated diſtance of the neareſt; there are ne 
others, very, very much beyond! How noble then are our men- rea 


tal powers! which not only ſpeculate on theſe regions, but after 


multiplied additions of ſuppoſable ſpace, feel their infinite remote- 
neſs from the heaven of heavens! | la the 
The mind ſurveys a ſtar in the zenith, or in the horizon; ne: 
reſents itſelf among a ſyſtem on the right hand, then(how ſwift — 
WU 


is thought!) reverts to another on the left; thus it 
| pace; 


4 
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ſpace : by the ſtars too, it inveſtigates time; it conceives a period 


ere they exiſted, ere one lambent flame illuminated the vaſt eæ- 


panſe; it concelves their revolutions, their orbits, their periods, 
and, more than that, it awaits their extinction, and diſſolution. 
Darkneſs may again envelope the ſpheres, and every cheering 
ray may ceaſe ; yet the human ſoul expects to ſurvive; and how- 
ever it may witneſs the expiration of all things, to itſelf it arro- 
gates imm 5 | and juſtly, for the heavens ſhall decay, and 
be replaced by ſucceſſors; like ſome magnificent prince, who 
changes to-day the garments of yeſterday ; ſo „ the Eternal as a 
velture ſhall fold them up, and they ſhall be changed.“ This 
ſight we expect to ſee the very idea confutes the ſuggeſtions 
which treat us as merely enlivened hovels of clay: no, the inha- 
bitant and the building are different; a breeze may overthrow 
this, the ſettling of a moth upon it may overweigh it;; but the 
other ſcorns the duration of time, and extends its exiſtence paral- 
ko , . CO **„ TN 
The diſtances we have mentioned, though not beyond mental 
comprehenſion, are yet exceedingly difficult to reduge to regular, 
or proportionate meaſurement ; the rapidity of a cannon ball is 
loſt in computation ; the velocity of ſound, which is double that 
of a cannon ball, would require four million eight hundred thou- 
ſand years to reach us; and light itfelf, which arrives from the 
{un in about eight minutes, is, during fix years, travelling from 
one of theſe ſtars to us. So that ſhould it pleaſe God to annihilate 
one of theſe luminaries, we ſhould {till continue, during fix 
years, to receive portions of thoſe beams it had previouſly emitted. 
After this obſervation, it ſeems almoſt needleſs to mention, that 
they at leaſt equal the ſun in magnitude, ſince it is open to re- 
mark, that otherwiſe their powers would be too weak to render 
them viſible here. It has been thought, that our ſun is a ſtar of 
rather moderate dimenſions ; and by no means ſo brilliant in ap- 
pearance to ſome of the celeſtial bodies, as they appear to us. 
Leaving this matter thus hinted, we proceed to obſerve, that 
certainly theſe ſtars are endowed with native light z. e. they are. 
<UNS ; and very probably have around them many revolving pla- 
nets, whoſe light being only reflected, is by far too feeble to 
reach this reſidence of mortals. |; is ee e ON 
A liule attention diſcovers, that the heaven is replete with ſtars, 
and if theſe ſtars are at different diſtances, it is, very ſuppolable. 
that ſome ſhould be behind others; indeed it may happen that the 
nearer ſhould conceal the remote; but it actually happens, in 
many inſtances, that the nearer and the remote appear fo com- 
bined, as to ſeem, but one to the naked eye, and are ſeparable 
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only by the beſt glaſſes; further ſtill, it ſometimes happens; thai 
a cluſter of ſtars. appears as one ſtar only, and form a. ſpeck of 
light by their united powers: nor is the ſtrongeſt inſtrument happy 
enough to ſhew any ſeparation between them. We. may eaſily 


conceive of this, if we conſider. that part of the heavens called 


the milky way; which is a prodigious aggregation of ſtars, at 
ſuch: ſmall apparent intervals, as rather produces one united efflux 
of light, than any diſtinct ſplendour: yet, among this luminous 
path of the ſtars, à teleſcope diſcovers many and conſiderable in- 
tervals, as well as NE BUL, or UNI Nees. 
There are alſo PERIODICAL ſtars; which ſometimes are ex- 
tremely bright, ſometimes ſcarcely viſible: but which conſtantly 
preſerve the ſame places in the heavens: Some perſons account 
for them, by ſuppoſing half ſuns among the ſtars, ; or that only one 
part of their ſurfaces is fitted to emit light, the other being ruſted 
over with ſpots, which, by periodical rotations are turned toward 
us, and from us, alternately. One hazards nothing in theſe regi- 
ons of conjecture; perhaps ſome ſuns may move to their planets; 
and, at their neareſt approaches to us, may be much brighter than 
at their furtheſt diſtances.  _ Fad et {i 
But there are alſo ſeveral ſtars, which, for aught we ever can 
diſcover to the contrary, are entirely NEW: I confeſs, it ſcems 
to me not unlikely, and we are certain it is not impoſſible, that 
Deity ſhould be always employed in creation. On our own ter- 
rene habitation, millions of creatures are perpetually ceaſing, and 
other millions of new-made deſcendants ſupply their places; all 
is mortal and periſhing, but all is revived and reſtored; ſo that 


death, triumphant death himſelf, is incapable of deſtroying the 


never ceaſing renovation. What therefore, forbids our ſuppo- 


| Ning, that among the regions of ſpace, divine power may ever 
employ its energy, in forming new worlds, and new ſyſtems of | 


worlds? ib 5 5 7 . 
Whether it be fact, that any ſtars abſolutely new ever came to 
our knowledge; there is no doubt but ſeveral, which have been 
for a time extinguiſhed (or whoſe light at leaſt has been too feeble 
to reach us), have actualy been RENOVATED 4 whether, by burſt 
ing the ſpots which covered them, or by the falling of ſome co- 
met into them, which augmented their powers with freſh fuel, 
is beyond our determination. ine hay: 
The ſtars themſelves are wonderful luminaries ;. but what ſhall 
we ſay to thoſe SPACES in the firmament, which are RESPLEN- 
DENT, yet without ſtars ; and which ſeem to be vaſt-expanſes of 
light ! If they have inhabitants, they enjoy perpetual day, and 
never know obſcurity or darkneſs. Are we permitted to. view 
theſe ſpaces, as exemplars of that perfect glory we are 1 
expect 
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time for activity and diligence; man is therefore dun h to 
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expect? Are 3 reſidences of bliſsful ſpirits? bete 


but 
by what principles ſhall human knowledge anſwer W coifeſs 
our ignorance, and adore in ſilence. - *7 + an zich Kd lg 
If there was no utility connected with the ſtars as ſeen from 
the earth, their magnificence and vivacity would exeite admira- 
tion; but, beſides the advantage a knowledge of them affords us 
on ſundry occaſions, whereby we aſcertain many uſeful facts, thexe 
is in B one, the POLE-STAR, to Which we are beholden 
for almoſt all the facility of our navigation. This ſtar; by beißg 


| ſituated in that part of tlie heavens to Which the north pole of the 


earth points, performs the office of a director and guide, to choſe 
who, on the mighty Waters would be unable without it to deter- 
mine their proper courſe. For it is evident, that if a veſſel keeps 


any certain and fixed point, to the 9 hand, or to the left, it 


muſt greatly contribute to aſcertain t courſe it purſues; fach a 
point is the pole ſtar : ever remarkable, and not lefs ſo Grice: the 
happy diſcovery of the "GE virtues which Pont the r 
to the Pole. | 

What obligations are we not under to that noble annd power- 
ful invention, the Teleſcope! by whoſe aſſiſtance we become ac- 
quainted with the preceding facts: how many thoufand objects 
has it diſcovered, which to human eyes were formerly inviſible! 
[n the conſtellation Pleiades, commonly termed the Seven Stars, 
have been ſeen at leaſt ſeventy ſtars. This may hint a caution to 
us, vchen reaſoning on ſubjects beyond our powers: there exiſt 
many principles, and cauſes, not to be diſcovered without What 
may be termed teleſcopic aſſiſtance. 

This magnificent firmament, decorated with ſtellar fires, has 
ever been a favourite ſtudy of mankind: it is true, the day is the 


purſue his buſineſs by a flood of light poured forth around him, 


and few inducerments divert his attention : but that none of his 


time may be waſte, even in the periodical abſence of the moon, 


the ſtars attract his contemplation, and direct upiard s his atten- 
tion, his views, and his deſires. 


The whole of what we ſee is probably but a part of the great, 


the univerfal ſyſtem: — whether we are in its extremes, or 


nearer its centre; whether its centre be the beatific preſence, 
around which circulates the whole; or whether our appointed 
heaven be nearer our abode, we know not: but we know, that 


Deity is every wh re; equally viſible by the operations of his 
power, on our own globe, in our own country, in our own 
perſons, as if this was the only diſtri ct ot his dominion, and his | 
peculiar SAR was — the ons of men. 
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We have now completed our Survey of the Cele 
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tal Pheno- 
mena hen ſubjects of importance, and magnitiide, engage 


our attention, it is neceſſary, not only to inſpect them part by 


part, but to conſider the general reſult, the e of the whole: 
thus ſome magnificent edifice, not only delights and pleaſes by 
its ornaments and decorations but, by the ſymmetry and propor- 


tion of its parts, by united elegance and greatnefs, it commands 


admiration and applauſe. Such is the effect of the heavenly 


phenomena; each in his orbit is intereſting ; each in his orbit 


proclaims” the power and wiſdom which appointed it; each in 
his orbit exemplifies Almighty ſkill, and obeys Almighty direc- 
tion, ever found in his ſtation, and freely performing his'courſe, 
in profound ſubmiſſion to its divine author's original fat, and 
continued 'impulfe. n nnn ETY 8 70k OUTS FE 

The reſult of the whole, is the moſt auguſt chorus of praiſe, 


of which mortals can form any conception; and, indeed, in 


order to form a conception (imperfect as it is) of this combina- 
tion, we are obliged to uſe every art, and to ſummon all our 


powers. We begin with an inſtance moſt obvious, and proxi- 


mate; we rife from this to a ſecond, from a ſecond to a third, 
till we viſit tracks of light. Such is the progreſs we have pur- 
fued : our appointed Juminary aſſiſted our ideas of luminaries 
almoſt infinitely remote; our native ſyſtem ſupported our gueſ- 
ſes at ſyſtems beyond our inſpection; and our planetary chorus 
aided our ideas of that general, that univerſal chorus, that ſyſtem 
of ſyſtems, whoſe combination affords perpetual meditation and 
reflection. Vet, after all which can be ſaid on the contrivance 
of worlds, after al} our remarks on the wiſdom evident in their 
formation, and the ſkill manifeſt in their conſtruction, one ado- 
ring thought in the human mind, one effort of riſing gratitude, 
one ejaculation of genuine praiſe, is infinitely ſuperior in value 
to all their ſplendour. Actuated by no principle of love, but im- 
pelled by power, excited by no deſire of acceptance, but obedi- 
ent merely as revolved, they neither eſteem, nor adore, nor 
praiſe, (but paſſively} their omnipotent Author; let then thoſe 
who can actively eſteem, admire, and adore, ſupply their defi- 
ciency. Theſe heavenly objects call, and with no feeble voice, 
on every power of our minds, and excite to ſuch duty every 
principle of reaſon, reflection, and thought. 

Reflective adoration is not only the molt proper and direct, 
but alſo the moſt beneficial employment of our faculties; it re- 
quires not depth of ſtudy, unweariable continuance of obſerva- 
tion, life-long engagement of attention and remark ; yet is un- 
queltionably certain of divine ſueceſs and acceptance. 10 

: 3 
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if, on many occaſions during the progreſs of theſe diſcourſes, 
we have had occaſion to acknowledge our ignorance, to own 
that the works of Deity are beyond our conception, with what 
humility ſhould we think and ſpeak of DEITY itſelf! The 


whiſper of his ability we hear, but the thunder of his power who 


can tell? A ray of his ſplendour we diſcern, but what is the 
weight of his glory? A ſpan repletes our limited faculties ; if 
we extend our ideas beyond ſubjects with which we are intimate, 
we quickly feel a memento which adviſes us, that moderation 
is wiſdom, Though we conceive a period anteceder to the 
ſtellar fires, though we await the cloſe of their exiſtence, and 
thus conceive of duration; though we add to regions of con- 
ſtellations other regions beyond them, roving in idea through 
realms of ſplendour, and thus conceive of ſpace ; by all this, 
what advance have we made toward conception of HIMͤ, to 
whom all time is now, and all ſpace a POINT ! | a 
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PLATE I. 


SPOTS IN THE SUN. 


THE figures of this plate ſhew the various and uncertain 
forms aſſumed by the ſolar ſpots, and their perpetual changes. 

Fig. 1. and 2. Repreſent the general path of, the SOLAR 
SPOTS; from whence it appears, that they moſtly keep about 
the middle of that globe, ſeldom appearing near to either his north 
or ſouth extremity ; but, though not uniform in the lines of their 
progreſs, yet on the whole, obſerving a general path. 

Fig. 2. Repreſents the courſe of a cluſter of ſmall ſpots : 
They move freely in every direction, which demonſtrates that 
they are immerſed in a fluid, not fixed in a ſolid body. Their 


\ continuance, as well as their forms, is extremely uncertain ; 


the longeſt duration obſerved has been ſeventy days: but ſome- 
times they laſt ſcarce twenty-four hours. | 

Fig. 4. Shews a ſingle well-defined ſpot ; we obſerve that 
in conformity to the principles offered, the daily interval decreaſes 
as the ſpot quits the centre: from twenty to twenty-three, being 
{carce the diſtance from ſeventeen to eighteen, agreeable to what 
would be the appearances of ſuch. an object on a globe. 

Fig. 5. A ſpot ſeen on the ſun, June 27, 1703, at between 
nine and ten o'clock in the morning: wherein we obſerve, @ is a 
triangular ſpot accompanied by two lefler ones, b and c. 

Fig. 6. The ſame ſpots ſeen at four o'clock in the afternoon 


of the ſame day: a appears to have loſt its triangular ſhape, and 


a fragment is broken from it; 6 is become thinner, and c is aug- 
mented in dimenſions. IS 

Fig. 7. The ſame ſpots at half after five o'ciock : the frag- 
ment from a is itfelf divided into two, the ſpot & is become very 
narrow, and ſcarce viſible, 

Fig. 8. At half after ſix o'clock, the ſpot a broken into ano- 
ther fragment; c much enlarged. | 
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Fig. 9. The ſpot a ſeen the next morning about ſeven o'clock, 
very greatly varied in form, and a new ſpot helow it at b. 

The ſame at ten o'clock : the ſpot þ augmented in bulk, and 
a {mall ſpot additional. 
Fig. 10. and 11. Spots ſurrounded by a yellow miſtineſs, 
from whence iſſue rays, which give them almoſt a ſpider-like 
appearance. „„ 33 EY. 

Fig. 12. The ſame ſpots further varied. | 

Fig. 13. Are ſpots ſurrounded with nebulz (or cloudiſhneſs): 
the ſpot h appeared ſometimes. very black, ſometimes fainter : 
e and / ſeemed like ſmoke, varying in ſtrength, appearing and 
vaniſhing often; 5 diſappeared firſt: 4 remained ſome time 
longer, perpetually changing its form and ſtrength of colour, 


PLATE II. 


S bd * 0 * 3 of * On 


VIEW OF PART OF THE MOON, IN ux 
| FIRST QUARTER. 


YO ̃¶ > AI RE EY ne 


PLATE III. 


%% 4.04 


View or THE SAME PART OF THE MOON, IN HER 
| THIRD QUARTER. 


WE obſerve that the ſhadows of theſe parts fall contrary ways, 
at theſe different times, they ſeem alſo to fall into cavities and 
Pits : the white ridges apparent on the lunar ſurface are cer- 
tainly riſings and hills. Whether the larger ſhaded portion be 
water ; We can only conjecture. 
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FE 


EXHIBITS the PHAsEs of the Moon, as ſhewn to the 


earth during one rotation. 


The truly proportionate diſtances of the heavenly bodies from 
cach other, are by far too immenſe to be regarded in theſe kind 
of explanatory figures; for it is evident, that were the ſun (8 


any thing like an adequate proportion to the earth (E) in ſize, - 


or in diſtance, the earth, &c. muſt have been almoſt inviſible 
by its ſmallneſs, or the ſun mult haye been yery far beyond the 
limits of the plate. = _ 

In this example the earth (E) is ſuppoſed at reſt, while the 
moon circulates around it, according to the order of the letters. 
The eight ſmaller letters, a, 5, c, d, V, g, b, i, ſhew the re- 
lative ſituations of the moon to the earth during her courſe; the 
larger letters, A, B, C, D, F, G, H, I, ſhew what propor- 
tion of the moon is ſeen enlightened, from the earth. We ob- 
ſerve, that the light begins by a ſlender ſtreak on the right hand, 
or weſtern limb, at (B), which increaſes to half at (C), and to 
the full moon at (F); from whence it decreaſes, and takes the 


left ſide of the moon, or eaſtern limb, at (H), till it again becomes | 


a ſlender ſtreak, at I. 


It appears, by fixing on any one part of the moon's ſurface, 


as at o, that during her whole revolution ſhe turns but once on her 
axis—that ſhe has but one day, and one night: as at a, o is mid- 
night: at b, o advances toward day-break ; at c, o is early morn- 
ing; at V, o is high z997 3 at , o is afternoon ; at i, o is night, It 
appears alſo, that the ſame part of the moon is conſtantly directed 


toward the earth; as is clear by tracing the marks at the letters 
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ORBIT or Tye MOON, axp ECLIPSES. 


WHATEVER may be the true ſtation of heavenly bodies, 
the eye eſtimates them as at one uniform diſtance ; ſo that how- 
ever remote S 1, S 2, S 3, S 4 (the ſun), may be really, yet it 
appears as if cloſe to the moon: its ſtation is therefore in this 
example tranſpoſed, and its courſe is ſuppoſed to 'be round the 
earth (E), which is conſidered as at reſt. 

We note firſt, that the apparent orbit of the ſun, and that of 
the moon, (MI, M 2, &c.) are not of equal height, but Mr 
M 2, M 3, &c, is ſuppoſed to be in one part of its courſe below 
and in the oppoſite part of its courſe above that of the ſun, and 
only to coincide with it in two points, M 1 and M 7, which are 
termed Nopes. This principle is illuſtrated by two hoops of 
equal ſize, one put within the other, and ſomewhat lowered at one 


part; the oppoſite part zuill be heightened, and it will touch that 


hoop which ſurrounds it, only in two oppolite points, where it may 
be ſaid to form a knot, or node; one of which may be called, 
in reference to the courſe of ſuch a hoop, deſcending, the other 
aſcending. When the moon is coming north her Mode is termed 
the aſcending Node, when going ſouth the deſcending Node. 

It ſhould be obſerved that the moon's nodes (M 1.) are retro- 
grade, and will. not return to this point again till nearly nineteen 
years are expired : but will be continually changing place through- 
out the ſigns, at the rate of nineteen degrees yearly, meeting the 
ſun every year nineteen days ſooner than the ir before. 

This premiſed, we obſerve, that there being no intercepting 


body between S 1 and E, E enjoys the whole of the light coming 


from S 1; but between S 2 and E, the node of the lunar courſe 


happening to fall, ſo ſoon as M 1 is arrived at its node it begins to 


intercept the light, (and to conceal part of the body) of > 2 mw 
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E, and this it continues to do during fo long time as S 2, M r, 
and E, are in a perfectly ſtraight line. This as has been noticed, 
can only happen at new moon ; a total eclipſe of the ſun, it is 
evident, therefore, by the figure, can only happen when the 
moon 1s new in her node. | 2” 
If we ſuppoſe, that in ſome other revolution of the moon, ſhe 
is new at ſome little diſtance from her exact node, as at M 2, 
ſhe will then eclipſe only ſuch a part of S 3 (whoſe place as be- 
fore is tranſpoſed ) as is proportionate to her diſtance from her 
node: alſo, if her courſe be deſcending, ſhe will conceal the 
lower part of 8 3. If in another revolution ſhe is new at M 3. 


ſhe will juſt touch S 4. but very ſlightly ; as at M 4. ſhe is too far 


below the ſun to conceal any part of him. 

The limits of ſolar eclipſes extend to ſeventeen degrees from 
the moon's nodes: within that ſpace, the ſun may be eclipſed ; 
without that ſpace, the moon 1s either too high or too low for 
any part of her ſhadow to fall on the earth, as at fig. 3. When 
the ſun is more than twelve degrees from the node, the moon is 
generally too high or too low to go through any part of the earth's 
ſhadow. 1 

Preciſely the ſame principles explain the remaining figures on 


this plate. It being ſuppoſed that in one revolution of the moon 


ſhe is FULL at Ms; it follows, that ſhe is fo far diſtant from 
her node, as to be barely touched by the ſhadow of E. In ano- 


ther revolution, being full at M 6, ſhe is deprived of great part 


of her light; but when ſhe is full in her node, at M 7, ſhe is to- 
tally immerſed in the ſhadow of the earth, not only while ſhe re- 
mains in her exact node; but for fo long time before and after, 
as the takes in paſſing through the ſhadow of the earth; during 
which time the lunarians are deprived of the light of the ſun. 
T heſe eclipſes happening during the aſcending node of the moon, 
her zpper part is eclipſed in conſequence. 

On theſe plates the ſhadows are diſtinguiſhed from the objects, 
by being engraved in ſtippling, for the ſake of perſpicuity. 
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PLATE VI. 


PARALAX axp ECLIPSES. 


Fig. 1. PARALAx.— There is ſcarcely any perſon who has 


not obſerved, that by looking at an object, firſt with one eye only, 


then ſhutting that, and looking at the ſame object with his-other 
eyethe apparent place of the object is changed with regard to others 
behind it; and this is moſt obſervable when the object is near, and 
its back- ground diſtant. Much the ſame is the effect of paralax 


with regard to the ſun, planets, &c. but Pome with regard 


to the moon, the being lo near to us. 

If the earth were tranſparent, and a ſpectator ſuppoſed atA, 
the center of the earth, he would fee D and e in the ſame line; 
forming one obje-t; or, if he looked towards M, he would fee 


M and Z C forming but one object; or if he Jooked perpendi- 
cCularly, 2 and Z would form but one object, But on the ſurface 
of the earth, this would take place only in certain parts; i. e. 


where a ſtraight line drawn n the object would reach to the 
center E. 

For example; to A, 2 and E are in the ſame ſtation, but 
when A looks toward M, it does not correſpond with the ſtation 
of S, but is teen adjoining to it at m: this effect is yet greater in 
the horizon, where D is not feen by A at e, but at 4. So that 
while to B the object M covers Z C, A will perceive no ſuch 
event. The application of this to eclipſes i is evident, for if Z C 
be ſuppoſed a luminary, and M be an opaque body, Z C will 
be eclipſed to B, but not to A.— Paralax at the horizon /-wers 
an object one degree of the circle, as from e to d, but its effect 
continually decreaſes in advancing toward the zenith, ſo that it is 
barely half a degree at B, and at A it is nothing. 

Fig. 2. 3. 4. Shew more at large the inſtances of the Moon's 
ſhadow tailing on the Earth, in 10 many different „ 
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the moon. They are to be regarded as ſo many PLANS of the 
ſhadow of the moon at ſo many new moons. A the earth, MS 
the Moon's Shadow ; throughout the whole of the figures. 

Fig. 2. The moon ſuppoſed to be new; but ſo high above 
the earth (ſeen from the earth that her ſhadow paſles over it fo 


as Juit to touch the circumference. of the earth, making no 
eclipſe. | 


8 1 1 — > = 
> e — — — — 5 
— —— L RN — — 4 J 
Crs — = - : — 2 
y — 7 
——— — A MU. 


— 

— ue 
8 eee IN * 
r 


a — OR 
* —— —Eä—ʒ— 


ger on ba 


ſcarcely viſible, ere it be paſſed over. We obſerve alſo, that 
in the very center of the ſhadow, it will be total; the whole of 

the ſun's body being hid from a ſpectator placed in the little black 
ſpot, which correiponds with AB, fig. 1. plate VII. 

Fig. 4. The node correſponds with the center of the earth. 
It will therefore be a total eclipſe at the equator, where the fun 
is vertical, but it is no eclipſe in many parts of the globe. 

Fig. 5. 6. 7. Are ſo many plans of the paſſage ot the earth's 
ſhadow at the time of full moon. M the Moon, AS the Earth's. 
Shadow. | 

Fig. 5, The moon ſo high above the earth's ſhadow at the 
full, as to paſs, juſt touching the earth's ſhadow :—no ecliple. 

Fig. 6. The moon at full, nearer to her node, totally eclip- 
ſed ; but the upper part of her only for a very little time. 

Fig. 7. Full moon at the node: therefore a total eclipſe, of 
ſolong duration, as the moon takes in paſling through the ſha- 
dow of the earth. | | 

The ſuperficies of the ſun, and the moon, being conſidered as 
divided into 12 digits, or parts, each: the mode of eſtimating 
the quantity of an eclipſe is, to ſay, fo many digits (8, or Io, 

. &c.) are eclipſed: When an ecliple is barely total 12 digits of 
the luminary are eclipſed. The ſun can be eclipſed but little 
more; but the moon may be eclipſed 20 digits, i. e. not only 
her whole ſurface may be in ſhadow, but it may continue in 
| ſhadow, ſo long a: ſpace as equals 20 digits. 

The longeſt duration of a total eclipfe of the ſun, 7. e. of total 
darkneſs, is lefs than four minutes: but the ecliple may continue 
partial, two hours, and a quarter. | : 

The longeſt duration of a lunar eclipſe, is when the carth is 
in aphelion, and the moon in apogee: 3 hours, 57'. 0. 

Annular eclipſes are, when the moon appearing ſomewhat 
leſs than the ſun's body, (and their centers perfectly coinciding) ; 
he ſuffers the brightneſs of the circular outline of the fun, to 


ſhine all around her: an extremely curious ſight, indeed ! * 
| i ” a 


— 


0 18 
Fig. 3. Plan of the ſhadow of a new moon falling completely ik 3 
on the carth, where we obſerve, that in ſome places the eclipſe 1 4 
will continue a conſiderable time, z. e. where the ſhadow is 1 
broadeſt; but at the top and bottom of the ſhadow, it will be N 
[8 
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PLATE VII 


 ECLIPSES. 
8 Fig. 1. EI EvAriox of an eclipſe of the ſun. S the Sun, M 
the Moon, A the Earth. | 


* 


We obſerved, that the ſun, being immenſely larger than the 


moon, occaſions two kinds ot ſhadow from the moon : one a 
real and total privation of light; at the moon itſelf, of equal 


breadth with its diameter, à b, but decreaſing at a diſtance from 


the moon; and ere it reaches E, very much narrowed, as at A 
B. The ſecond kind of ſhadow 1s merely a partial privation of 
light; For M being ſo much ſmaller than 8, can only conceal 
part of S, conſequently the other why of S continue ſtill to im- 
part light: this is termed a penumbra. It is evident, that where- 
ever the total ſhadow AB takes its courſe, there is a total eclipſe. 
This anſwers to the black ſpot in fig. 3. 4. plate VI. 

| Fig 2. ELEVATION of the ſhadow of the earth during an 
ecliple of the moon. . 


WMe obſerve, not only that the ſhadow narrows at a diſtance 


from A, but alſo, that much of the ſhadow which actually reaches 
d e (the moon's courſe), is that of the atmoſphere round A, which 
extends to c, while the ſhadow of E terminates at C; the 
diameter AB is augmented by the atmoſphere to a þ, whereby 
the ſhadow is enlarged; but on the other hand, the refractive 
power of the earth's atmoſphere is ſo great, and it inflects the 
rays of the ſun ſo ſtrongly into itſelf, that the pure ſhadow of 
the earth extends leſs than 4o ſemidiameters of the earth; and is 
greatly attenuated before it reaches the moon, having many of the 
ſolar rays intermingled with it. More than half otE is enlight- 
ened by the Sun, AB being much below the center E. 
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PLATE VIII. 


„ „ STS; 2Y 


CHARACTERS or Taz SIGNS, 


THIS plate ſhews the reſemblance of the original repreſenta» 
tions of the ſigns ot the zodiac, to thoſe animals whoſe names they 
bear: it ſhews allo their depravation into the characters now uſed 
by the haſty copies of tranicribers, or by unſkilful drawings, 
The ſigns arc always reckoned in the order here placed. 

(I.) Airs, the ram's horns, now marked V. 

(II.) Tavnvs, the young bull's head now marked 8. 

(III.) Gemini, or the twins: this ſign is ſuppoſed to have 


been originally the two kids, and is often inarked by a character 


taken from two goat's heads butting each other; but as the cuſ- 
tom of reterring it to the human ſpecies is very ancient (perhaps 


as the time of deification of Caſtor and Pollux), it is here retained. : 


The mark Il is taken from the grecian ſymbol of thoſe deities, 


The caps on the heads of theſe boys, are alſo proper to Caſtor 
and Pollux. | | 


(IV.) Cances, the crab, is here compoſed of the tail of a 


crab, or fiſh, of that kind, and the head of the Egyptian Ibis. 


Dr. Loxs thinks this character meant originally merely to ſig- 
nity the change of the ſun's declination from north to ſouth, by 
the two lines drawn contrary ways, S. | / 
(V.) Lao, the lion's tail, drawn tolerably reſembling to its 
original. N. : | | 
(VI.) If aſtronomers were ſuck ill draughtſmenas to disfigure the 
foregoing ſigns it is no wonder they omitted the figure of VIR G 
(the Virgin), and ſubſtituted the three ears of corn tied together, 
which ſhe holds in her hand ; we could however have withed, 
that the current character of this part of this ſign had better ex- 
_ preſſed what it profeſſes to repreſent W. 5 | 
(VII.) a LIBRA, is clearly the balance, | 
(VIII.) Scorpio, is drawn m; repreſenting the claws and 
tail of this animal: as his ſting is in his tail, its dart-like ter- 
mination could ſcarce fail of diſtinction. 
To = —- (IX.) 
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(IX.) SAG1TTARIUS, the archer (); himſelf omitted, for 
the ſame reaſon as Virgo, but his ar row inſerted ( ſometimes alſo 
his bow, or part of it) as more facile of repreſentation. 

(X,.) CAPRICORNUS, the wild goat; differing pretty much 
from a tame one, by his hinder part terminating in a fiſh's tail; 
perhaps this union is not foreign from the occupation of the early 
nations, i. e. hunting the wild goat, as well as fiſhing in this 
month. The firſt character is clearly derived from this figure ; 


the character is v by no means 0 authentic, nor, except in En 


gland, ſo general. 
(XI.) AQUARIUS, 22 1 well enough ſtreams of water 


Whether floods or rains. 
(XII.) Piscxs, (& is evidently derived from two fiſh; tied 


back to back. i % 


CHARACTERS OF THE PLANETS. 


(a. ) The charafer of the Son O (a circle) ſeems to be merely 
a delineation of this glorious center of the ſyſtem ; The charac- 
ter © (a circle with a knob in the middle) imitating a buckler, 


has been attributed to the ſun; ſo has alſo a cone. Burt a circle 


ſeems 5 preferable. 
(II.) D the character for the Moon, deſcriptive of her appear- 


ance when partly enlightened. 


(III.) Mercury ts ſigniſied by the caducens ( 8 ), an attri- 
bute conſtantly attendant on the heathen deity of this name. 

(IV, ) VENus is expreſſed by ( © ) a mirror with a handle; 
aptly hinting the perſonal attention of the goddeſs of beauty. 
1 he ancient mirrors were made of poliſhed braſs. | 

(V.) Mars (g) a ſpear and ſhield; as god of war. 

(VI.) JuPiTER 8 V) the firſt letter of his Greek name (Zeus) 


with a {troke of abbreviation. 


(VII.) SaTuURnN(hH) a gekle; originally a ſeythe, which 
refers to his Greek name Canes (I ime), , Whole effect is, to cut 
down all things without remorſe. 

(VIII.) The earth is marked by a circle with a line acroſs it. 

(IX.) The character adopted at preſent for the Georgium Si- 
dus (Mr. HERSCHE L's diſcovery) is an H with a globe pendent 


from the middle of he croſs ſtroke. 
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a; Merry 6, Jenus. c, Saturn. d Marr. e. Jupiter. 


» ASTRONOMY, 


Tas SOLAR SYSTEM, 


THIS plate compriſes as complete a view of the 1 ſyſtem, 
as perhaps can be contrived on one plate. It is to be conſidered 
as 3 

(I.) A PLanof the orbits. of the planets compoſing the ſolar 
ſyſtem. | 

(II.) The ProyorTIONs of the planets to the ſun, 

(III.) An ELEvaT10n of the orbits of the planets, ſuppoſed 
to be ſeen from the ſun. 


(IV.) The places of the Noprs of the planetary orbits, with 
the orbit of the earth, 

(V.) A ſpecimen of the contradictory orbits of comets. _ 

(I.) In the centre of the ſyſtem is the fun ; around whom re- 
volve (1.) Mrtrcury, whoſe orbit is at one time much farther. 
from the ſun than at another; the thin line denoting a really 
circular courſe, the black line the actual courſe of this planet. 
His aphelion and perihelion are very evident. 

(2.) Vexus, whoſe orbit is nearly circular; the aphelion 
part of it, therefore, only denoted by its ſtronzer blackneſs. 

(3-) The EarrTn, whole orbit is alſo nearly circular; its 
aphelion marked à, its per ihelion p. 

(4.) Mas, whole orbit has conſiderable eccentricity; his 
actual courſe diſtinguiſhed by its ſtrength. 

(5.) The orbit of JUPITER, 
(6.) The orbit of SATURN diſtinguiſned on the fame prin - 
ciple. | 

Of the GroRotuM Stpus, the ſeventh planet, we have only 
hinted a notice. His orbit exceeds twice the diſtance of Saturn; 
and if truly laid down, would have diminiſſted the courſes of the 
inferior planets, ſo as to have rendered them very ſmall. We have 
therefore preferred inaccuracy in the place of this orbit to confu- 
ſion in all the others. 
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All the planets move the ſame way; and ſeen from the fun 125 
appear to go round him (as the ſun himſelf revolves) from right 
to left; according to the order of the letters marked on the orbit 
of Jupiter, a, b, c, d, e, ., g, h, i, ky I. 

Around theſe orbits are placed the characters of the twelve ſigns 
and their degrees; theſe ſerve equally to all the planets, ſo that 
as well Mercury, as Saturn, is ſaid to be in a particular ſign, 
when ſeen from any ſtation he appears among the r com- 
poſe that ſign. | 

N. B. The degrees ＋ the ens are reckoned From ks n to fi ign, 
each containing thirty degrees : and not from any Specific een 
continued throughout the circle. ö 

(II.) The proportion of the planets to the ſun, appears by 
a compariſon of them with the line 8S S ; which repreſents the 
diameter of the ſolar orb. —T'he real dimenſions of theſe bodies 
have been noticed. 

(III.) ELEvaATIOX of the orbit of the planets, as ſeen from 
the ſun : theſe are eſtimated by compariſon with the orbit of the 
earth, from which the orbit of Mercury differs more than that 
of any other planet ; and is therefore at once the ſmalleſt, and the 
moſt irregular, —as his eccentricity is greateſt, e ee the ele- 
vation, and depreſſion of his courſe is alſo greateſt. The orbit 
of Jupiter differs but little from that of the earth. In fact, with 
regard to what differences might have exiſted, the whole of the 
planetary courſes may be regarded as nearly ſimilar. 1 he quan- 
tity of variation from the ecliptic is, as tollows : - 


Mercury 1 120 Jupiter 2? 20 
23 £5 Saturn 2 33 30 
t 52 


(Iv. ) As the foregoing figure is under a neceſſi ity of ſuppoſing 
(what is falſe in fact), that the courſes of the pianets croſs each 
other [i. e. form knots or nodes] in the middle of the elevation, 
it is the deſign of the thin lines, marked with the names of the 
planets, to correct this idea; accordingly, by attending to them, 
it appears, that the interſections of the planes of the planetary or- 
bits with that of the earth, i. e. their nodes {ſuch planes ſup- 
poled to be extended ſo as to meet the earth's oy are as fol- 
loves. 


14 43 The . node of Mercury in & (Taurus) 


13 59 of Venus in II (Gemini) 
17 17 of Mars in © (Taurus) 
[7.29 of Jupiter in S (Cancer) 
13 of Saturn in S (Cancer) 
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The deſcending nodes are of neceſſity diametrically oppoſite 
to the aſcending, and are marked on the plate by the names of 
the planets at length. i kes or OD TOS OS 6. T4 

(V.) This plate exhibits alſo tracts of three COMETS, as ſpe- 
cimens of the liberty with which theſe bodies advance toward 
the ſun on all ſides : ſometimes from the right-hand, ſometimes 
from the left; ſometimes aſcending from below, ſometimes de- 


ſcending from above. We remark that ſuch courſes as are 


moſt round, are moſt ſpeedily terminated ; while fuch as are 
very narrow, and almoſt are as it were parallel, are of very long 


duration. The number of comets is great; but theſe cales are 


ſe lected as being moſt contradictory. 5 
The computation of the planetary diſtances aſſumed in page 
175 is much below the truth; but, as it was eſteemed ſufficient 


for general purpoſes, it was not changed. More accurate eſtima- 
tions conſider the mean diſtance f | 


Mekcokx to be 36,841,500 miles ſay, 
1 8 in round numbers 37, ooo, ooo 


VENus 68,891,500 ſay, 69,000,000 
Tre EARTH 95z173,000 fſay, 95,000,00 
Mans 145,0 14, oo ſay, 1455,00, o 
Ju ITER 494,09 1, ooo lays 405, ooo, oo 
SATURN 907,956, ooo ſay, 908,000,008 
GIEORGIAN 1, 900, ooo, ooo 
PLATE X. 


COURSES or Tus INFERIOR PLANETS. 


IN this diagram, the earth (E 1) is ſuppoſed to be at reſt, 
while the planets Venus (V) and Mercury (M) perform their 
revolutions. The diſtance from the ſun (5) to E 1 is divided 
into ten, parts: at the fourth part is placed Mercury, at the 
ſeventh Venus. MI ſhews Mercury in conjunction with 8, 
from whence he rapidly advances towards M 2, where he is 
diſtant from any interference of the ſolar rays ; ſo far he appears 
Dix ECT in his courſe: as he advances to a, his pace Jackens, 
and from à to 6 though he really moves, yet to E 1 he appears 


without 
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without motion, i, e. STATIONARY : from h to M 3, his courſe 
ſeems to E 1\to return back, from O toward mm, and ; 7, e. 
| contrary to the order of the fone, or RETROGRADE : at M 2, 
he is again in conjunction with S, and continues retrograde till 
he arrives at & here he ſeems ſtationary while moving from 4 
toe; where he again becomes direct in motion to M 43 and ſo 
continues to the end of his courſein MI. 

In the fame manner VI, V2, V 3, to V 4, is direct in mo- 
tion; at V 4, ſtatidnary, (in v? among the ſigns) from V 4 to 
V 6, retrograde, ſtationary at V 6, and from thence again 
direct. 

With regard to the more or leſs enlightened appearances of 
theſe planets, it 1s clear, that at VI, the whole of the illumi- 
nated part of the planet 1s turned towards E 1, but the ſuperior 


blaze of light tranſmitted by 8, entirely over-whelms its brigbt- 


nels. At V 2, though much of its light reaches E 1, yet be- 
ſide being in the neighbourhood of 8, it is by very much further 
diſtant from E 1 than V3 or V 4. Add to this, that in V 4 
it is feen by E x as if further from 8, than 1 iy any other ſtation, 
and a line drawn to any other tation (as V 7), mult of neceſlity 
approach toward 8. At V 4, therefore, or perhaps, more pre- 
ciicly ſome what nearer to V 5, its light is moft ſplendid; and in 
this ſituation, Venus is a moſt glorious ſtar, her light is even 
ſtrong enough to be ſeen in the day-time, and at night to caſt a 
ſi2dow from objects properly ſituated. At V 5, the dark fide 
of the planet is turned toward FE 1, ſo that E 1 cannot expect 


her now to be vilible. At V 6, as at V 4, ſhe is extremely 


brichy; although barely half her enlightened hemiſphere be vi- 


ſible io K x, as appears by the line S A. At V 7, three quar- 
ters of her enlightened hemiſphere is viſible; but ſhe ſhines not 


fo bright as at V 6, for reaſons already given, viz. her diſtance 


from © 1, and her apparent approach toward 8. 

The figure allo evinces that the fame variations muſt occur 

in M, although leſs diſcernible. 
In tracing the courſe of V „We Te ſhe is at v 5, dark; at V 6 
half light: at'V 7, advancing towards full ; further advanced 
at VS; full at VI ; leſs light at V 2, and V 2; z half light at V 4; 
and decreaſing in light, till the reaches V 53 imitating in the 
courſe of her orbit the phaſes of the moon. 

It is worth noticing the different places of a planet ſcen from 
the fun (7. e. its Heliocentric place) and ſeen from the earth (7. e. 
its gezcen!ric place): as at V 6, the firſt is SA; the latter E B. 
'The heliocentric place of M4 is B; its ceocentric place nearly 
C; and fo of others. | 
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As a proof of the truth of theſe principles, it remains to re- 


mark the apparent bulk of theſe objects, as ſeen from E 1 : for 
it is evident, that VI is ſo very much further diſtant from E x 
than V 5 is, that ſhe ought not to be of equal dimenſions: and 
this is the fact; Y 5 being largeſt of all, and the planet decreaſ- 
ing in magnitude as ſhe approaches VI, where ſhe is ſmalleſt. 


S 


'T his reaſoning may allo be inverted; if V 1 1s fo much ſmaller 
than V 5, her diminution proves ſhe is further diſtant; if ſhe is 
further diſtant, ſmaller, full enlightened, and alfo in conjunc= 
tion with S, it demonſtrates that her courſe is round S, and that 
it cannot poſſibly be round E, or round any other centre than S. 


The ſame reaſoning applies to M. | 


This plate alſo hints at a ſimilar appearance of the planet Mars 
(W). When the earth is at E 1, it fees W all acroſs the ſyſtem; 
a diſtance very remote indeed! conſequently we may expect to 
find him ſmall: but when the earth in her courſe arives at E 2, 
W is by much larger and brighter. The foregoing reaſoning 
applied to this article, proves that Mars circulates round S; and 


by conſequence the other planets alſo. 


PLATE NT: 
COURSES or Tus SUPERIOR PLANETS. 
'T HIS figure repreſents the appearances of the planet Mars 


(M), ſuppoſed to be at reſt, while [E] the Earth performs one 
revolution. E 1, will fee M among the firmament of ſtars at az 


as E advances to E 2, M advances to h; and from E 3, ap- 


pears at c; where he is ſtationary ſo long as the courſe of E is 
(as a little before E 2, and a little after E 6) nearly coincident 
with a ſtraight line; but as E moves forward to E 4, M moves 
backward fr om c to b; between E 4 and E 5, M is ſeen in a, 
{till going backward : at E 5 he is removed to 4, at E 6 toe; 
from E 6 to E/ he ſeems again to be direct in motion, advances 
to 4; and from thence to again. The extremes of the earth's 
orbit are the places where the planct M appears ſtationary; 
white E is in its furtheſt ſemicircle, M ſeems direct; when E 
is in its neareſt ſemicircle, M ſeems retrograde. The courſes 
of the other ſuperior planets, partake of the fame appearances : 
but on account of their diſtances and their apparently Yow moti- 
ens, they are not equally obſervable. 

PLATE 
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PLATE XII. 


SEASONS axp ROTATION or ru EARTH. 


_ THIS plate exhibits in the firſt place, the courſe of an equi- 
noctial day. The carth's rotation being from Welt bo Eaſt, in 
the order of the figures 1, 2, 3, 4, &c. That is to ſay, the line 
11. in one hour's time takes the place of that marked 12, the line 
10 takes the place of 11, and ſo on: then 1 becomes 2, 2 be- 
comes 3, 3 becomes 4, &. and all, in ſucceſſion, will point at 
any ſtationary object ſituated above and beyond the rotation. 
Such an object therefore will, to the inhabitants of the globe, ap- 
pear to advance in a contrary direction; as a, b, c, d, &c. ac- 
cording to the order of the letters. It we ſuppoſe a circular line 
like that which goes round the figure, to be elevated ever this 
globe on the equator E Q , any fixed object in that line, would 
ſeem to advance in the order of the letters. We admit this object 
to be the ſun. = | 
Wherever the ſun is vertical it is noon. Suppoſe him vertical 
in the Eaſt, at Q; then it is forenoon to a, , c, d, e; it is morn- 
ing to /; and night to all beyond. As f gradually turns toward 
the Sun, till at length it points, direct to him, it is at F noon, it is 
forenoon to g, , i, &, I, day-break to mn, and night to all beyond: 
and it is afternoon to e, d, c, h, it is evening to a, and night to 
all beyond. As the earth continues her rotation, the ſun ſcems to 
advance tos, where it is noon to E, afternoon to , /, &, i, b, g, 
evening to /, and night to all beyond Eaſtward. 
Te figure ſhews that when it is noon, evening, or night, to 
any ſpot under the line EQ , it is the fame time of day to all 
places north or ſouth of that line: As when the ſun is on the 
mid-day {meridian} line, 7, Fit is not only noon to 7, and to J, 
but alſo to A and to B; and it is equally day break to H to E and 
to L. The ſame principle applies to all other meridians. + 
This figure alſo thews the different height of the Sun, at dif- 
ferent times of the year; thereby producing the Seaſons. 1e 


SEASONS and ROTATION af the EARTH. 


[ 
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If the BE of the Earth were perdendicular to the plane of 


the orbit in which ſhe moves as a planet, there would be no vari- 
ation of Seaſons ; but a perpetual Equinox would be maintained 


throughout the globe: whereas, the earth, being in fact, in- 


clined to the plane of her orbit, no leſs than twenty three degrees 
| _ a half, this makes an apparent difference of ?w:ce that quan- 

: becauſe we muſt eſtimate twenty t three degrees and a half 
on 5 ſide of the Equator. 0 

If we ſuppoſe, that S (weft) be the ſun, apparently moving 
on the Equator, and making equil day and night, then the line 
S, N. ſhews the bounda 0 his light; and of the ſhadow, in 
conſequence: : and that all parts of the globe, are, during the 
half of one rotation of the earth, in light ; and during the other 
half of the rotation they are in darkneſs. But, if we ſuppoſe 
the ſun raifed from S (we?) toward n, on the circular line, fo far 
as to S 1, then the line which bounds the light and the ſhadow is 

Sr, above S on the globe; and $ x below N. conſequently all, 
parts toward N, as L. (London) enjoy light, during ſo long time 
as the ſurface from L. to & i takes in its rotation—which is full 
two thirds of the whole time occupied in one daily rotation. 
The enlightened part is ſixteen hours and a half, the ſhadowed 
part ſeven hours and a half, of the daily revolution. 

If on the contrary, we ſuppoſe S to have receded from its ſta- 
tion, and to have apparently moved toward h, on the circle, till 
it occupies the ſtation S 2, on the circular line, then the line 
which bounds the light and ſhadow, will be below 8, on the globe, 
at $ 2, and above Nat & 2. conſequently, L (London) will be 
but a little while after it has emerged from the ſhadow on one ſide, 
before it enters the ſhadow on the other ſide ; as appears by con- 
ſidering the figure: ſo that now the night is ſixteen hours, thirty 
two minutes; the day is ſeven hours, twenty eight minutes, 

Now theſe appearances, ariſe ſolely,” from the inclination of 
the axis of the earth: which at one time of the year as it circu- 
lates round the ſun expoſes a greater part of the ſouthern ſurface 
of the earth to the action of the ſolar beams: and at the oppo- 
ſite time of the year expoſes its northern ſurface to the ſame effects, 
in the ſame | manner and proportion. 
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"cates IS new the appearances on the 6340 of this TY 
neg. ſeen throu h a teleſcope, and called his belts. Sometimes 
they ſeem. as if united into breadth : ſometimes tranſverſe ſpots 


ſeem to form a communication between belt and belt; ſome- 


times they ſeem more diſtinct, and in lines, and ſhew bright 
ſpots; and ſometimes, but rarely, they ſeem almoſt diſſipated. 
Whether they are extremely denſe clouds, and the bright ſpots, 


are mountain tops ſeen above them; or whether they are waters 
impelled very fiercely by the rapid motion of the planet's rotation, 
or attracted into tides by his moons, may be rather conjectured 


than determined. They are gk by ſome to be variations 
4 his atmoſphere, | 


PLAN OF JUPITER'S SYSTEM. OF. MOONS» 


THESE are edawn acting to their titunem from the pla- 


net; and are marked as they are uſually denominated, begin- 
ning with that neareſt to ane pine, | 


DJ 


PLATE XIV. 


ECLIPSES 0 OF JUPITER* $ MOONS, AND VELOCITY 


OF LIGHTS... 


IN this figure S is the fun, E I, E 2, E 3. E 4, is the or- 
bit of the earth, AB part of the orbit of Jupiter, 4 Jupiter's 
firſt fatellite ſuppoſed to be ſeen caſting a ſhadow (b c 4} on its 
primary, F g the fame ſatellite ſuppoſed to be eclipſed by its 
primary. 

We ab that a, Grad from E 1, Gong to follow its ma- 
dow ( i falling on Jupiter, being eaſtward of it, ſo that it 
ſeems jult to touch the ditk of the planet when its ſhadow is at 

leaſt palled half way over it ; and before the ſatellite appears to 

be advanced to the middle of Jupiter, the ſhadow will be gone 

off at d: but if a be ſeen from E 3, it will appear to go before its 

ſhadow, and will be paſſing off the diſk of its Pramary, at 4, 
| while! its ſhadow yet peers at e. | \ 
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On a ſimilar principle the immerſion of / into the ſhadow of 
Jupiter, is diſcerned from EI; but its emerſion or exit from 
the ſhadow, cannot be ſeen, being concealed by the body of the 
planet: whereas at E 3, its emerſion only is viſible, and its en- 
trance into the ſhadow is hidden. This is regularly the caſe of 
the firſt ſatellite, and generally alſo of the ſecond; but the third 
ſhews frequently both its immerſion. and emerſion, as i h, the 
entrance i is viſible, both from E 1 and from E 3: as alſo is 
the exit Y. As to the fourth ſatellite, it is fo far from Jupiter, 
that Jupiter's ſhadow is much diminiſhed ere it reaches it; by 
which, together with the inclination of its orbit to that of its 
primary, it ſeldom is eclipſed, bur paſſes above the ſtadow; or I 
ſometimes, it ſuffers a partial eclipſe, as in fig. 2, in which re- 1 
markable ſituation it was ſeen by CAssIN I the aſtronomer. 

It is proper to obſerve, that the appearances of the ſatellites 
vary, ſometimes paſſing over the body of Jupiter as dark ſpots, 
ſometimes bright like himſelf, and not to be diſtinguiſhed from 
him; this renders it probable that theſe fatellites have a rota— 
tion, each on his proper axis, whereby ſometimes that part of a- | 
ſatellite which is leaſt fitted to reflect light (ſpotted perhaps with | 
land and water) is turned towards us, at other times we ſee that 1 
fide mo/? fitted to reflect light, This alſo vanes the brightnefs 
of theſe moons : the fourth which is generally the leaſt, is 
ſometimes the largeſt of all ; the third, which is uſually largeſt, 
is ſometimes leaſt ; and ſo of the others. 1 

The ſize of the ſatellites is about half a diameter of the earth; 
the third rather larger. CAss INI ſuſpected the firſt ſatellite to 
have an atmoſphere ; becauſe the ſhadow of it could not be ſeen, 
when he was ſure it ſhould have been on the diſk of Jupiter, 
if it had not been ſhortened (like the ſhadow of our earth) by. 
an atmoſphere. | | 
We are beholden to theſe fatellites, for the firſt proof that 
the paſſage of light is not z7/tantaneous ; but, though extremely 
rapid, yet that it takes ſome time in paſling from one place to 
another: thus, while E 4 is advancing towards E 1 (nearer to 
Jupiter), the immerſions more and more anticipate their true 
times, as calculated by their juſt theory; whereas while E 3 is 
going to E 4, the emerſions appear later and later. The diſtance 
is {till greater between E 4 and E 2, and makes a difference of 
ſixteen minutes later, to E 4; ſooner to E 2. How is this varia- 
tion to be accounted for? or what conſumes ſixteen minutes of 
time? The motions of theſe bodies are doubtleſs exactly regular: 
but, in fact, the difference of the diameter of the earth's orbit 
occaſions this variation; in traverſing which, the light conſumes 

many minutes. The firſt ray from an emerging ſatellite, is 
ws _— C 2 | Tu 


420%.  - PROPERTIES Of 
like a meſſenger ſent to relate the news; it we advance to meet 
him, we by ſo much anticipate the time of his telling his tale; 
but if we retire further from the place whence he is diſpatched, 
he mult needs take additional time to follow us. | 

The principle to be drawn from this fact, is, that as we ſee 
the heavenly bodies only by their light, and that light has taken 
ſome time in its paſſage to us; ſo during that time the luminary 
has continued its progreſs, and is not now in the very identical 
ſpot it occupied when its light was emitted, and ſent to our eyes. 


hus the tun is perhaps ſeven or eight minutes farther advanced 


in his daily courſe than we ſee him to be, and a fixed ſtar dif- 
patched toward us thoſe rays by which we now fee it, perhaps 
not only months, but years ago ; which time is conſumed in the 
pailage of its rays through an interval ſo aſtoniſhing. GH] 
The principle adopted for finding the longitude, by means of 
the careilites of Jupiter, is, by tables calculated for any fixed 
meridian (as that of London) ſhewing their exact ſtation at any 
certain hour of the day (as nine o'clock in the evening). By ob- 
ſerving, in Jamaica, for inſtance, the precife time when the ſa- 
tellites preſent the ſame poſition to à ſpectator there, the diffe- 
rence of TIME between that place and London is found; which 
is eaſily turned into degrees, and minutes, allowing, 15 to 
the hour. | : | | 
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PLATE XV. 


APPEARANCES or SATURN pvurinG mis COURSE. 


THE peculiarities of this planet's appearance, ariſe chiefly 
from the changing form of his RING; which, although it does 
not vary in itſelf, but always maintains the ſame local ſtation, 

et preſents to our inſpection a regular mutation and diverſity. 

tn this view the ſmaller letters a, b, c, d, &c. preſents the 
planet and his ring, ſuppoſed to be ſeen by a ſpectator at a proper 
diſtance, during one revolution. The larger letters A B C D, 
&c. ſhew the figure of the planet and ring ſeen from the earth, 
at correſponding periods. The orbit of the earth is ſo ſmall in 
proportion, that the ſame appearances, very nearly preſent, 
themſelves to a ſpectator in the ſun. LY 1 t48 
We obſerve, that when Saturn is in his aſcending node at @. 
the edge of the ring (which is conjectured to be eight hundred 
miles thick) being turned toward us, we ſee nothing but a ſhade. 
on the body of the planet, as at A; at h the ring becomes viſi-/ 
ble, and in this form is (very improperly) termed Anſæ 43 
* 4 | ecauſe 
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becauſe it happened to be ſeen in this ſituation through the firſt 
teleſcope of GALILEO, who being ignorant of its progreſſive va- 
riation, likened it to what it is now found to be totally unlike. 


At c, the ring opens, and continues to widen till it reaches e, 
from hence it as gradually declines through V g, V, to i, where 
having fulfilled half a: revolution, and being again in its node. 


. 


(now deſcending), it is not ſeen. It is clear, that hitherto. the 


upper (or nothern) ſurface of the ring is what has been ſeen by us, 
as alſo by the ſun; conſequently the ſolar light has hitherto vi- 
fited only that ſurface: but from:, during the remainder of the 
courſe, the under (or. ſcuthern) part of the ring becomes viſible, 
and continues excluſively- to enjoy the rays of the ſun. The pro- 
greſſive increaſe of the ring to a, and its ſubſequent decreaſe, be- 


ing the exact counterpart of the former ſemi- revolution, needs 
no comment. Dr. CLaRKE's father once faw a fixed ſtar through 


the interval between the ring and the planet. 


Fic, 2 PLAN or SA TURN's SYSTEM or MOONS. 


I eſe are delineated according to their diſtances, we know 


little concerning them, beſides the periods of their revolutions. 

The orbits of the ſatellites coincide with the plane of the ring 
Ci. e. about 31“ from that of the primary), except the fifth, 
whoſe orbit inclines only 135 8'. "The orbit of the fourth 18 
eccentric. | 


PLATE XVI. 


FIG. 1. repreſents a general idea of the benefits reſulting ta 
the earth by the intervention of an ATMOSPHERE. This is ſup- 
poſed to be the northern hemiſphere ; the north pole being in the 
centre of the figure; and the Sun being in the equator: conſe- 
quently, this offers the aſpect of the globe, at the time of thes 

quinox. 


It appears by the figure, that thoſe parts which have lately, 


by the diurnal rotation of the earth, been turned from the ſung 


and are loſing ſight of him (i. e. the part marked Evening), yet 


continue to enjoy his beams, by the retraction of the atmoſphere : 
were no ſuch medium N around it, a would be involved 
in night : whereas, night is but juſt ſenſible at 4, and the inter- 
val between thoſc letters, is gradually preparing for the total ab- 
ſence of the luminary. At Mid-day or Non the aumolphere 
1 66004 | ſpreads 
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ſpreads the rays of light all around, and diffuſes equal and general 


brightneſs. In Morning, as the parts of the globe, b and c,. aro 
turned toward the ſun, the light gradually brightens, fo that, al- 


though in ſtrictneſs only b /hould be illuminated, yet the atmoſ- 
Phere extends the ſolar rays to c, and gradually prepares thofe 
Parts for perfect day. JJV I O14S 
Thus it appears, that though the central line 4 &, ould be the 
natural boundary of day and night, yet by this invaluable contri- 
Vance, a conſiderable ſurface beyond that line is reſcued from dark- 
neſs,” and the actual boundary of light and ſhade is removed to 
c. d. In fact, therefore, the pole has now no night; though 
all other parts of the globe have equal day and night. 2 

It is ſuppoſed in this figure, that the rays of the ſun fall paral- 
lel on the earth: this we have already obferved' is not the fact, 
but they illuminate more than half the globe conſtantly ; by which 
ſuperiority of illumination, eſpecially when aided by the atmo- 
late, the extent and duration of darkneſs is very much leſſened, 


and light is proportionately increaſed, for the purpoſes and enjoy- 


ments of lite, ä „ 45 
This figure is a kind of companion to the laſt which explained 


the rotation of the earth: the circle in which the ſun is ſuppoſed to 


move in this figure, *corteſponds-to that marked E Q in that fi- 
gure, and the effect of the ſun, is what would take place when 

e is in the ſtation f7 of that plate. From the combination of 
theſe figures, ſeen in ſuch different aſpects, a very clear idea of 
the diurnal rotation and its effects may be obtained. | 

Fig. 2. Is a more diſtinct yiew of Og than could be given 
above: we ob ve, that the ray from the | 
naturally proceed direct to a, is by the atmoſphere at 1, caught 
and inflected to 2, juſt ſtriking A in its paſſage ; and thereby ren- 
dering the fun viſible to A, although that orb be below his hori- 
zon, which is 1, 2. This ray is again deflected from 2 to 3, 
where night begins; the ſun being full eighteen degrees below 
the horizon of any ſpectator ſuppoſed to be at 3. The ſpace 
from A to 3 is gradually darkened, till at 3 it becomes totally 
void of light. 5 
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| W PR TS 634284443 4 151 FORLIG 
FIG. 1. and 2, Refer to experiments for aſcertaining the re- 
8 fractive powers of the \ ATMOSPHERE, Performed by Ar. 
Hawiſtee, before the Royal Societixgg. 
Fig. 1. The priſm is charged with an additional portion of 
air, rendering the quantity it contains double what it would be in 
a natural and free atmoſphere: in this compreſſed ſtate of the air A 
in the priſm, the object appears to the eye looking through the | 
priſm to be at A; as the compreſſed air is let out of the priſm, 
the object deſcends to what would be its true ſtation in open air; 
1. e. from A to 1 and 2: which is a deſcent of ten feet and a 
War.. een tr ids. a Kale 
Fig. 2. The air naturally contained in the priſm being gradu- 
ally extracted from it, the object apparently deſcends from its 
true ſtatkon in open air ( to a and A (ten feet and a quarter). 
Upon the re-admiſſion of air into the vacuum, the object appa- 
rently riſes from A, to a and þ 3 merely by the refractive powers 
of the air ſo re-admitted into the priſm. oP 
SOUND. Fig. 3. This figure endeavours to repreſent the 
waves of agitated air, in the action of conveying ſound from the 
vibrating body A. At firſt they are ſtrong, as 1, 2, 3, 4, but 
they weaken as they recede from A to B; whoſe interpoſition 
prevents their progreſs, except. at the orifice B, through which 
they proceed, as it were, afreſh, in 4, ö, c, d, e; weakening 
as they go, till they become inſenſible (i. e. the ſound becomes 
in- audible). Thoſe rays which are ſtopped by the wall B, 
return, and form an Echo, which weakens correſpondently to 
its diſtance from the reflecting body, as 1, 2, 3, 4, 5, ©, till at 
length they become totally quieſcent. TEES 
According to the ſituation of an auditor, he will hear the oxi- 
ginal ſound, and the echo, more or leſs 3 at echo 1, they 
will be almoſt union, but at echo 6, there will be a conſiderable 
interval between them. 5 25 | | 
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PLATE XVIII. e 
WINDS. 


IF the whole ſuperficies of the globe were ocean, and, in con- | 
ſequence, free from impediment, it is probable, the ſurrounding | 
atmoſphere would be ſo unitormly moved by the ſolar influence, 
that bnly one wind (and that following the courſe of the fun) 
would il throughout the globe. 

2 7 d "= preval 8 globe wm 


. enced by local, and paſtgulgep cavſss and circumſtances. 
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Where the ſun is vertical it is noon, and here the figure re- 


preſents a very conſiderable expanſion of the aerial fluid, occaſi- 


oned by the heat of the ſun, which, as the globe turns B toward 


the ſun, pifſhes forward thoſe parts of the atmoſphere toward 


which the ſun is advancing, the heat increaſing upon them con- 
tinually, till the ſun becomes vertical, while the parts A turn- 
ing from the ſun, become gradually cooler by his abſence, and 
the air ruſhes forward to ſupply the progreſſive vacuity which 
follows the expanſion. This ſcheme would repreſent the natu- 
Tal effects, were the ſuperficies of the globe /mz2th, e. gr. being 
water: but as it really is, the prominences of the land check 
and divert the courſes of the winds, ſo that they are permanent 
only on ſuch wide extended oceans as are beyond the influence 
of the land's attraction, as at CCC, and E E. 

We obſerve alſo, that the direction of the arrows CCC, 
[which ſhews the courſe of the wind] is not the ſame as thoſe A 
and B; but it gradually becomes conformable to it, while at 
the diſtance D, the air feels little or nothing of theſe motions, 


be ing liable to variableneſs, and changes, from a variety of lo- 
"cal and temporary caufſeees. 


N. B. Thegreateſt expanſion of the air is not afually un- 


der where the ſun is vertical, but is ſomew hat advanced into the 
| afternoon, and may be conſidered as being at A, the heat. in- 
creaſing for ſome time after the fun has ceaſed to be vertical. 


The lower figufe is a view of the globe, ſhewing the courſes 
of the winds on each fide of the equator E A. AR is part of 
the great South Sea, the wind blowing ſteadily, in a courſe com- 
| bined of north and eaſt, toward the equator : but by the inter- 
vention of the lands; iſlands, &c. between C and D, the wind 


is attracted» out of its courſe, and changes very conſiderably 


from it. Paſſing theſe parts, we obſerve that from E to F the 


wind blows- ſteadily again in an inclination toward the equa- 


tor; but it is from parts where there is no land, which being 
to the ſouthward, its direction is now a combination of ſouth 


and eaſt, and in this courſe it blows till it is contradicted by the 


vicinity of land ; which alters its direction, as at I. G ſhews 
that half the year the wind blows one way; H ſhews, that the 
other half of the year it blows directly contrary in the fame parts. 
This takes place where the ſea may be ſaid to be. bounded by 
. projections of land; but it is unknown where the ocean is 
widely expanded. The ſouthern as well as the northern parts 
of the globe ſuſtaining leſs: heat, exhibit no ſuch regular or 
periodical winds, but their cooler atmoſpheres are more influ- 
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Eclipſes of Jupiter's Moons, &c. 
Appearances of Saturn during his Courſe 
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The PL ATEs to the DRAWING PRECEPTOR, are to be 


The PLATES of ARCH ITECTURE, alter page 32, 
their order. 


placed after Page 22, in their order from 1 to 19. 


u 


TO THE 5 


BOTANICAL PRECEPTOR. 


FronTIsPIECE. - A figure of Botany examining and delineating 
curious exotics : for the purpoſe of arranging them under their 
_ reſpective Genera and Claſſes, | "2 


Plate EY Roots to face page + — 27 3 
[=<.. 2, 4 | Tpunks — — 28 
3: 4. Simple leaves between pages — 30 31 
F. 6. Compound leaves pages —— 34 33 
7. Supports to face page — — 38 
$ Poliation to face page 89 
9. Calyx to face page — 90 
10. Corolla — rn,” 91. 
11. Pericarpium — — 92 
12. Receptacle - — — 93 
O. P. IL. innean ſyſtem between pages — 9495 
Q. L innean ſyſtem to face page —V— 9% 
R. _ Linnean ſyſtem —— — 96 


Tc The Binder is def red not to pull the Book to pieces he 
has ſecured the Indexes of the plates, &c. which are placed l- 
lows : Index of Plates to Geography, a leaf in No. 12. alſo, on 


B - this halfſheet, | 13 A 70 | 
Chronology, Frontiſpiece only. 


H Index of Plates to Natural Hiſtory—Beaſts—Birds—and Fiſhes, 

| à bal“ ſheet in No. 26. N. B. Tre Diver omitted place to face 

_J_ page 99 Index to Inſects page 26 —alſo a quarter of a ſheet in the 
laſt No. to be added to this Avon including the plates of Blue 
Bottle Fly— Eyes of a Fly—Cheeſe Mite—teuther-winged Moth — 
Mouldineſs—and Stinging Nettle. 


Index to Natural Philoſophy—Tndex to the Senſes Index to Aſtro- 
nomy Index to Drawing and Architecture on this half ſheet, 


This work may be bound in parts ſeparately, or in three Volumes 
as follows: Geography Chronology— Vol. J. | 


Ss, LO ns 


Natural Hiſtory—Vol. II. 


| Botany. Natural Philoſophy. Aſtronomy— . and Drawing 
Vol, III. 


FINIS. 


